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INTBODOCTION 
Various nutritional solutions to the problem of prevent­
ing parturient paresis (milk fever) in dairy cows have been 
reported in the literature. Since milk fever is 
characterized by various changes in blood minerals, especial­
ly calcium and phosphorus, most dietary manipulations have 
involved these two minerals. 
Basically there have been two different approaches for 
mineral adjustments, i.e., T) changing the absolute amount 
of intake of either calcium or phosphorus and 2) adjusting 
the Ca:P ratio in the total diet of the cow. Various combi­
nations have been reported to reduce the incidence of this 
pathological condition, yet there is still disagreement in 
the literature as to the actual best amount and ratio. A 
wide Ca:P ratio has been assumed to predispose the animal to 
the onset of milk fever, while a narrow Ca;P ratio has been 
reported to reduce its incidence. With this in Bind this ex­
periment was conducted to re-evaluate the effect of a wide 
and a narrow Ca:P ratio on blood components and the incidence 
of parturient paresis. 
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REVIEW OF LITERATURE 
History of Milk Fever 
Fish (34) says it is safe to assume that no such disease 
existed two or three centuries ago. It is since the time man 
has begun to feed and select cows for higher milk producing 
ability that the disease has become known. The first mention 
of milk fever in the literature was by Eberhardt in 1793 as 
reported by Hutyra et al. (68) . Today milk fever ranks eco­
nomically as one of the top dairy diseases. 
Estimated loss from milk fever in the United States is 
about 10.5 million dollars a year" (4). In England 3.5% of 
the dairy cows or approximately 99,300 animals are afflicted 
each year (127). A 5% incidence of clinical parturient 
paresis in cows with a mean age of 5 years and a 14% inci­
dence in cows from 8-9 years of age was reported in Sweden 
(29). Mayer et al. (102) said parturient paresis occurs in 5 
to 10% of all mature parturient dairy cows. 
There have been numerous theories as to the cause of 
milk fever. Hibbs (61) listed some thirty theories in his 
review article on milk fever. Host of them have been 
disproved along the way, but a few still remain today as the 
alleged sole cause of, or a contributing factor to, the onset 
of the disease. 
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A big step in the etiology of milk fever was the finding 
by Little and Wright (85) that blood calcium declined by as 
much as 60% in milk fever animals. This observation led to a 
new form of treatment for milk fever, injection of a calcium 
salt intravenously to combat the effects of hypocalcemia 
(26). Prior to this time, the usual remedy for "paralyzed" 
animals was that of udder insufflation with air. This form 
of treatment stemmed from the discovery of Schmidt (140) in 
1897 that an injection of KI (1S solution) reduced mortality 
from the disease. The big fault with this form of treatment 
was the amount of udder infections (mastitis) that followed 
the inflation of the mammary gland. Mayer et al^ (106) re­
ported that the udder insufflation method is still, however, 
the most natural way of raising blood calcium and if 
practiced aseptically with prior infusion of antibiotics 
little trouble results from infections. Thus improved 
techniques for treating the disease have decreased the 
mortality, but the cause and prevention of the disease still 
remain uncertain. 
Factors Contributing to Bilk Fever 
Breed 
The susceptibility to milk fever appears to differ with 
the breed. Numerous people have found the Jersey breed to be 
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most often stricken of the five major breeds of dairy cattle. 
Morrison (115) reported 3-5 X greater incidence of milk 
fever in Jerseys than other breeds. Poulton et al. (129) re­
ported that milk fever is 2-3 X higher in Jerseys. Hibbs et 
al. (63) comfirmed this observation. Stott (153) in his 
studies, used a Jersey herd with 74% incidence of milk fever. 
A 40% incidence of milk fever in the Jersey cows of the Iowa 
State University herd has been observed in the years 
1967-1970 versus approximately a 10% incidence in the Brown 
Swiss and Holstein herds (146). Curtis (24) in a 10-year 
study at the University of Guelph noted an incidence of 34.5% 
in Jerseys versus 15.1% for Holsteins. 
There also appears to be a relationship between cow 
families and incidence of the disease (29). Poulton et al. 
(129) says it is hard to separate the tendency to transmit a 
genetic factor for milk fever from the genetic influence on 
milk production. That is, cow families which get milk fever 
usually are heavy milking families. 
Age 
The dairy animal becomes more susceptible to parturient 
paresis until 8-9 years of age and then is less likely to be 
stricken. Jonssen (72) in a field study observed no paresis 
in 3,026 calvings of first calf heifers, and only 12 cases 
out of 2,526 in second calf animals- The frequency of 
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paresis increased through the sixth parturition. Dyrendahl 
et al. (29) said morbidity risk is practically nil at the 
first calving and increases almost linearly to a level of 14% 
incidence by 8-9 years of age. Curtis (24) found Jerseys to 
be susceptible by 4 years of age and the other breeds at 5 
years. 
Several theories have been put forth to explain the 
older animals' increased tendency to contract milk fever. 
Payne (127) reported that the amount of calcium and phospho­
rus lost in the milk each year increases up to the fourth 
lactation and this agrees closely with the increased severity 
of hypocalcemia and hypophosphatemia as the animal gets 
older. Hoodie et al. (111) reported that as the animal ages 
there are more severe mineral changes in the blood at 
parturition. Another contributing factor to milk fever is 
believed to be gut stasis at calving time (112). These same 
authors noted that older cows were more susceptible to 
induced gat stasis and developed a milk fever-like syndrome. 
A third factor is the size and mobilization rate of the cal­
cium pool in the bone. Payne (128) stated that as the cow 
gets older there is a gradual decline in the amount of re­
serve calcium which can be supplied from the bone; this also 
has been reported by Ender and Dishington (31). Huir et al. 
(117), when challenging the cow's calcium mobilizing ability 
with an EDTA infusion, found that younger cows required sig­
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nificantly less time to return to preinfusion blood calcium 
levels than did older ones. Yet another factor may be the 
reduced efficiency of older animals to utilize dietary calci­
um. Hansard et al. (54) noted only a 3% excretion of an oral 
45Ca load in the young calf compared to an 83% excretion in 
160-ffionth-old cows. They also found an increased loss of an 
intravenous dose of *sca in older animals, indicating the 
older bovine suffers not only decreased absorption but also 
decreased retention of calcium. This is in agreement with 
Hard et aj,. (169) who reported a positive calcium balance in 
first calf Jersey heifers prior to parturition and a negative 
calcium balance in aged cows prior to parturition. 
Gut Stasis 
Gut immotility at calving time may be involved in 
precipitating milk fever (127, 112, 102, 128). Moodie and 
Bobertson (112) noted that food intake, fecal output, rumen 
sounds, and frequency and strength of rumen movements all 
decreased at calving time. Ramberg (131) using radiotracer 
techniques found that both milk fever and non-milk fever cows 
depend on a gastrointestinal source of calcium at 
parturition. It was not until at least 10 days postpartum 
that bone resorption contributed a significant amount to the 
available calcium pool. Payne (127) states that gut stasis 
leads to a low interstitial fluid calcium level and low cal-
7 
cium levels make stasis worse, thus creating a vicious cycle 
broken only in the milk fever animal by external calcium ad­
ministration. Mayer et al. (103) , however, noted that 
hypocalcemic cows (7 mg/100 ml) continued to eat. Intestinal 
motility is believed to be necessary to make calcium avail­
able for absorption by mucosal cells. Martin and DeLuca (97) 
demonstrated that the calcium absorption mechanism could be 
saturated by large amounts of calcium ions; thus agitation of 
intestinal contents to expose the mucosa to the most calcium 
might be necessary for maximum absorption. 
Cows approaching calving tend to have depressed 
appetites. Payne (128) indicates that inappetence and 
rumino-intestinal stasis for periods of 18 hours at calving 
are common. Injection of estrogen into lactating cows caused 
hypocalcemia and also depressed appetite, indicating estrogen 
increases at calving may explain some of the cow*s appetite 
depression. Halse (53) fasted lactating cows for two days 
and noted hypocalcemic tendencies as seen in cows at 
parturition. 
Milk Production 
Parturient paresis is generally thought to be caused by 
the initiation of lactation and the rapid drain of calcium 
into milk (127, 72, 128, 102, 38, 116). Fosgate (38) says 
milk production has increased 50% in the last decade and so 
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has the incidence of milk fever. Payne (127), using 
radiotracer techniques, estimated the cow loses only 5.0 g of 
calcium per day to the foetus, while she can lose up to 20.0 
q of calcium in the first day's milk. Mayer et al. (102) 
feels that certain cows may lose up to 50.0 g of calcium in 
colostrum the first day. 
Some experiments support the idea of milk production 
being the cause of milk fever. Niedermeier et al. (121) 
found no consistent depression of calcium in mastectomized 
cows at parturition- Reynolds (135) observed an increase of 
110.0% in blood flow and a 70.0% increase in 0^ consumption 
of the mammary gland 1 to 2 days prepartum. Mayer et al. 
(102) noted that lactating cows were able to return to 
preinfusion blood calcium levels 4.5 times faster than non-
lactating cows, when given an EDTA infusion. He observed 
that lactating cows excreted 94.0% of an oral dose of •sca in 
10 days while non-lactating cows excreted only 63.0% in the 
same time. Mayer et al. (102) cite a case of a cow which 
started to lactate 2 weeks prior to parturition. This was 
accompanied by a blood calcium drop to 5.5 mg per 100 ml; and 
then at parturition no decrease in blood calcium was noted. 
Other reports say that milk production may not be the 
key factor in the etiology of milk fever. Hibbs et (65) 
observed no difference in the amount or the composition of 
colostrum from milk fever and normal parturient cows. Stott 
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(154) reported a study in which 9 of 12 mastectomized Jersey 
cows developed milk fever at first calving. Kendall et al. 
(77) observed a 5055 incidence of milk fever in cows that were 
prepartuffl milked. However, the cows that contracted milk 
fever were giving only 2.7 kg of milk per day at calving, as 
compared to non-milk fever cows which were yielding 8.5 kg of 
milk per day. Smith et al. (150) observed that prepartum 
milking had no influence on blood calcium. 
Kronfeld and Ramberg (7 9) say there may be an important 
pool of calcium which suddenly enlarges at the start of 
lactation. Thus one would find no increase in the concentra­
tion of calcium in the milk of cows with milk fever; but the 
calcium would still be taken out of the general circulation. 
Visek et al. (167) reported that the amount of intravenously 
administered *^Ca, which was secreted in milk depended upon 
milk production. Thus the more milk produced by the cow the 
more total amount of calcium reguired. 
Hormones 
Parathyroid hormone Parathyroid hormone (PTH) is 
involved in maintaining normal blood calcium levels (159). 
Talmaqe and Toft (160) believe that if an animal is without 
the parathyroids a state of equilibrium exists between the 
bone and body fluids. They feel this level is approximately 
5.5 mg per 100 ml in the rat. Care (20) feels that 30% of 
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the normal calcium concentration (9-11 mg per 100 ml) is 
under endocrine control, implying that without the 
parathyroids a level of 6-8 mg per 100 ml would be attained 
in the cow. 
Parathyroid hormone can affect serum calcium levels at 
one or all of four different sites (20). It can increase 
resorption of bone calcium, increase renal tubular absorption 
of calcium, increase gut absorption of calcium, and decrease 
the secretion rate of calcium into milk. Talmage (159) pro­
poses that a similar calcium transport mechanism exists in 
bone, gut, and kidney tubule cells, which would explain the 
\ 
action of PTH on these various organs. Numerous studies have 
explored the effect of PTH at these sites. Winter et al. 
(175) observed a decreased calcium absorption by intestinal 
loops from rats with their parathyroids removed. Hclntyre et 
al. (90) noted that a marked fall in urinary calcium 
excretion resulted when PTH was infused into anesthetized 
rats. Talmage (159) demonstrated PTE's ability to increase 
RNA synthesis in the mesenchyme family of bone cells and thus 
to increase their rate of maturation into osteoclasts which 
serve to resorb all components of bone. Mayer et al^ (105) 
found a hypercalcemic response in the bovine from PTH 
infusions. Their kinetic data indicated that the 
hypercalcemia was due to increased bone resorption. He noted 
a period of hypocalcemia after cessation of the infusion 
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which seemed due to decreased gut absorption. 
The parathyroids have been explored as one of the causes 
of milk fever since 1925 when Dryerre and Greig (25) noted 
that the tetany associated with milk fever resembled that of 
parathyroidectomized animals. They proposed that milk fever 
cows suffer from a parathyroid deficiency and therefore can 
not cope with an increased metabolism associated with 
pregnancy and parturition. With discovery by Little and 
Wright (85) that a lowered blood calcium is associated with 
parturient paresis, the theory changed to imply that 
parathyroid output failed to maintain sufficient calcium 
levels in the blood and other body fluids. 
Numerous studies have explored the role of the 
parathyroid gland and it's hormone production in the cow. 
Capen (15) noted actively secreting chief cells with well de­
veloped organelles predominating in parathyroid glands imme­
diately pre- or postpartum. He also noted the parathyroids 
of milk fever cows had ultrastructural evidence of increased 
synthesis and secretion of PTH compared to postpartum con­
trols. Stott and Smith (156) found histological changes in 
the parathyroid gland which corresponded with the annual 
mineral metabolism cycle of the dairy cow. They observed a 
deposition of fatty tissue in the gland and less activity 
after midlactation. Signs of greatest activity and 
hypertrophy of the gland were noted just prior to 
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parturition. Another study reported that cows close to 
parturition had dark chief cells that were actively 
secreting, while non-pregnant and non-lactating cows had 
light, inactive chief cells (16). 
Other reports tend to de-emphasize the importance of the 
parathyroids in the cow. Jackson et al. (69) in an attempt to 
prevent the hypocalcemic condition from occurring in post 
parturient cows injected them with PTH 2 hours after calving. 
He noted no effect in first calf heifers, mature cows, or 
mature cows with previous milk fever history. He did, howev­
er, obtain a response (1.5-2.0 mg per 100 ml increase in 
serum calcium) in dry cows and said this suggested that PTH 
was ineffective in the parturient cow. Jonssen (72) conclud­
ed from his histological study of cows in various stages of 
lactation that a PTH deficiency was not the cause of milk 
fever. He could find no difference in parathyroid gland ac­
tivity during the dry period between milk fever and non- jnilJc 
fever cows, also no difference was found in the glands of 
cows of different ages, implying no loss of activity in older 
cows. 
There are reports of parathyroidectomized cows 
maintaining normal blood calcium levels. Mayer et al. (104) 
parathyroidectomized 2 mature cows and noted a hypocalcemic 
condition (7.0 and 7.8 mg/100 ml) for approximately 1 week, 
at the end of which time calcium returned to normal. This 
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agrees with the work done by Stott and Smith (155) where the 
plasma calcium of thyroparathyroidectomized, lactating and 
non-lactating cows dropped 2.0-3.0 mg/100 ml initially, but 
was at normal levels two to three weeks after surgery. These 
results suggest that mature lactating and non-lactating cows 
can maintain normal blood calcium levels after aa adjustment 
period. This may be due to the mature ruminant's high 
roughage intake. Some roughages contain large amounts of 
calcium and therefore minimize the importance of the 
parathyroids (155, 99) . 
Recently, through the use of radioimmunoassay 
technigues, a close relationship between parathyroid hormone 
and blood calcium levels in the bovine has been demonstrated 
(107, 132, 145). Mayer et al. (107) observed plasma PTH was 
inversely related to plasma calcium in normal parturient cows 
as well as in milk fever cows. Ramberg et al. (132) used a 
continuous EDTA infusion to remove blood calcium at a rate 
similar to that lost into milk during lactation. He found a 
release of PTH that was inversely proportional to the plasma 
calcium level. Sherwood et (145) showed blood Ca and PTH 
to be related by a simple linear inverse function between 
calcium levels of U and 12 mg/100 ml. He found the half-life 
of PTH to be approximately 20 minutes, which says PTH could 
effect rapid changes in blood calcium of cows. Mayer (99) 
summarizes the cows dependence on PTH by concluding that the 
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adult cow may rely little on parathyroid glands for day to 
day maintenance, but these glands may assume a more important 
role during periods of adjustment to an acute calcium drain. 
Parathyroid hormone may also influence other blood 
minerals as well as calcium. Harrison and Harrison (55) ob­
served characteristic effects of the hormone when they 
injected it into vitamin D primed rats. The response includ­
ed increased serum calcium and magnesium along with a 
decreased serum inorganic phosphorus level. Mayer et al. 
(101) found an injection of PTH extract caused a 20-fold in­
crease in urinary phosphorus losses in intact cows, whereas a 
similar injection caused losses to increase 900 times in 
parathyroidectomized cows. Similar results of kidney losses 
are reported with rats (90). Care (20) implies that PTH in­
creases both calcium and magnesium by the same methods, i.e., 
increased gut absorption, kidney retention, and bone 
resorption. 
Thvrocalcitonin Thyrocalcitonin is another hormone 
involved in calcium homeostasis. It is released in response 
to a hypercalcemic condition in the animal (21, 18). Care et al. 
(21) noted a positive linear relationship between 
thyrocalcitonin (TCT) secretion rate and the concentration of 
calcium in plasma used as a perfusate. 
The function of thyrocalcitonin, then, is to protect the 
animal from periods of hypercalcemia. Gray and Hunson (45) 
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found that thyroparathyroidectomized rats exhibited a period 
of hypercalcemia after a calcium meal was given by stomach 
tube. This phenomenon was not seen in intact animals. They 
proposed the function of TCT is to protect against 
hypercalcemia during rapid absorption of calcium from the 
gastrointestinal tract. Cooper et al. (22) has shown that 
injection of pentagastrin, a synthetic polypeptide containing 
the biologically active portion of the native hormone 
gastrin, caused a 40-fold increase in TCT production in the 
pig. Thus, gastrin released in response to a meal may 
trigger the release of TCT to protect the animal from 
hypercalcemia. 
The target site for TCT appears to be the bone (123, 39, 
118). Radiotracer studies show TCT's effect on bone is to 
inhibit resorption of calcium back into body fluids (123, 
39). Friedman and Raisz (39) noted that TCT decreased the 
number of fibroblasts and osteoclasts that had been formed 
due to PTH administretion. Hunson (118) said TCT does not 
act by blocking the release of or by neutralizing PTH. He 
also noted that neither the kidney nor the gastrointestinal 
tract is necessary for TCT to be effective. 
Recently thyrocalcitonin has been implicated as a 
causative factor in the etiology of milk fever (8, 21, 17, 
86). Barlet (8) injected TCT into two lactating Jersey cows 
and within two hours observed a 20% decrease in plasma calci­
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um (11.6 to 8.45 mg/100 ml) and a 35% decrease in inorganic 
phosphorus. Care et al. (21) measured blood TCT concentra­
tion in a normal parturient cow and one with milk fever. 
Both cows had elevated levels of TCT, with that of the non-
milk fever cow being the highest. The normal cow showed in­
creased amounts of TCT from 36 hours pre- to 6 hours 
postpartum. Five days after calving TCT levels vers unde­
tectable in the milk fever cow. Thus at parturition TCT 
se%ms to escape from control by calcium concentration. Capen 
and Young (17) found the TCT content of thyroid gland ex­
tracts from non-milk fever cows to be 3.9 X greater than that 
of extracts from milk fever animals, indicating the thyroid 
glands of milk fever cows had released their secretory 
granules. Thyrocalcitonin therefore has been implicated in 
milk fever since it produces both hypocalcemia and 
hypophosphatemia, which are seen with milk fever. 
Other evidence discounts the involvement of 
thyrocalcitonin in milk fever. Mayer (100) could not elicit 
an appreciable response from TCT injections or continuous 
infusions into lactating cows, a minimal hypocalcemic re­
sponse was obtained in cows 2-3 years old, while no decrease 
was observed in cows 6 years old or older. This agrees with 
the findings of Care (19) who noted less response to 
thyrocalcitonin as the animal gets older. The older animal 
exhibits less of a hypocalcemic response and a longer re­
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sponse time. Heersche (59) however, reported a species dif­
ference to the same TCT preparation; therefore, the porcine 
TCT used fay Mayer may have been ineffective in the bovine. 
Mayer et al. (102) says an abrupt TCT release is not the 
cause of milk fever because 1) the control of the hormone 
release is proportional to calcium concentration ana not a 
threshold response and 2) exogenous TCT infusions do not pro­
duce milk fever. 
Estrogens There have been some indications that 
other hormones may come into play at parturition to further 
stress the cow's calcium supply. Estrogen reaches a peak in 
females at parturition (127, 154). Payne (128) has shown 
estrogens to be a possible cause of intestinal stasis. 
Estrogen administration caused a lack of appetite asd severe 
hypocalcemia in parathyroidectomized goats (127). Stott 
(154) feels that estrogen changes may increase bone accretion 
rates at parturition. Ranney (133) found an antagonistic 
effect of estrogen on PTH function in resorption of bone in 
mice. Estrogen treatment of heifers caused an increase in 
parathyroid gland size and presumably output (154). This 
size increase was assumed to be due to an increased bone 
accretion rate. 
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Diet 
Ca:P ratio It is generally accepted that ruminants 
can tolerate quite wide calcium to phosphorus ratios (147, 
136). Smith et al. (147) found no difference in the level of 
milk production or in the mineral content of milk from cows 
maintained on ratios from 1:1 to 8:1. Manston (93) found no 
effect of calcium level on phosphorus uptake and no effect of 
phosphorus level on calcium uptake. He did observe that 
pregnant heifers had better retention of calcium and phospho­
rus on a 2:1 ratio diet than on a 1:1. This is in 
disagreement with Turner et al. (162) who found better 
assimilation of both calcium and phosphorus in cows when the 
ratio was 1.25:1 than when it was 2.5:1. Smith and HcAllen 
(149) found the calcium and phosphorus content of digesta 
from calves' intestines altered the amount of Ca^ (^^4)2 
precipitate formed. 
Early work tended to de-emphasize the importance of the 
mineral ratios. Huffman et al. (67) found that the total 
intake of each element has a greater significance than has 
the Ca:P ratio. This agrees with Otto (124) who says the 
Ca:P ratio is probably unimportant to the health of the 
animal under normal feeding conditions. He fed rations, with 
a CarP ratio of 2:1, at different levels and found that re­
tention of calcium and phosphorus decreased as the level fed 
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decreased. That is to say an 8:4 level was inferior in re­
tention to a 12:6 level even though the same ratio was main­
tained. Theiler et al. (161) concluded that importance of 
the ratio of the two minerals is exaggerated, especially when 
both minerals are present in abundance. 
Recently, however, reports have suggested that ratios 
are important in milk fever prevention. Boda and Cole (11) 
fed a low calcium and high phosphorus diet (1:3.3) for the 
last month of the dry period and eliminated milk fever. This 
compared to a 30% incidence with a 6:1 ratio diet. Stott 
(153) also reduced the incidence of parturient paresis by 
narrowing the Ca:P ratio from 3.7:1 to approximately 1:1. 
Rather than eliminate large amounts of calcium as Boda and 
Cole did, he added supplemental phosphorus to bring the ratio 
to unity. His narrow ratio had to be fed for 100 days before 
any control was noted. From these two reports has developed 
the idea that narrow Ca:P ratios help to prevent milk fever. 
Indeed there have been many recommendations that calcium to 
phosphorus ratios be maintained between 2:1 and 1:1 to pre­
vent milk fever (23, 38, 13, 50). However, Kendall et al. 
(77) and Gardner (40) feel that the optimum ratio is about 
2:3:1 and that any ratio wider or narrower than this tends to 
predispose the animal to the disease. Gardner feels a 2.3:1 
ratio is ideal because this is approximately the ratio of 
Ca:P found in bone. Therefore the animal will be absorbing 
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the ratio in proportion to t . . is needed for bone synthesis. 
Kendall et al. (77) observed a 45% incidence of milk fever 
in cows fed a diet containing either a 4.2:1 or a 0.96:1 
ratio as compared to only a S% occurrence in those getting a 
2.3:1 ratio. Gardner (40) reported an 18% incidence of milk 
fever in cows fed a 1.8:1 Ca:P ratio diet and none in the 
group on the 2.3:1 ratio. In another study Kendall et al. 
(75) reported a 29% incidence on the wide Ca:P ratio diet 
(4.2:1) and no milk fever cases on the 2.3:1 diet. Gardner 
(40) feels it best then to calculate the cow's phosphorus 
needs and multiply this by a factor of 2.3 to get the amount 
of calcium needed in the diet. Anderson et al. (3) found 
that either a 4:1 or a 1:3 Ca:P ratio diet lowered the 
turnover rate and the size of the calcium pools in goats when 
they were switched from a normal ratio (1.3:1) to these 
ratios. 
Others have not found the ratio to be so critical in 
preventing milk fever or in utilizing calcium and phosphorus. 
Steevens et al. (151) found no milk fever in cows on either 
a 1.5:1 or a 3:1 ratio. They pointed out that first and sec­
ond lactation cows were used and maybe were not old enough to 
be stressed by diet and thus develop milk fever. Lamb et al. 
(82) found no difference between two groups of cows, fed 
either a 6.5:1 or 3.7:1 ratio, in the utilization of phospho­
rus when cows were on a low phosphorus diet. Haag et al. 
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(49) maintained lactating COBS on an all alfalfa hay diet and 
found a Ca:P ratio of 10.5:1 no more detrimental than a 
7.6:1, with respect to calcium and phosphorus storage, even 
though both groups were in negative balances. Addition of 
bone meal, which lowered the ratio to approximately 4.5:1, 
resulted in positive calcium and phosphorus balances. 
The proposed action of the narrow Ca:P ratio diets is to 
provide a calcium stress and thus force the parathyroids to 
produce more hormone in order to mobilize enough bone calci­
um. This dietary calcium-parathyroid hormone relationship 
appears to exist in other species. Stoerck and Carnes (152) 
found that a high calcium and low phosphorus diet decreased 
parathyroid gland size in rats while a low calcium and high 
phosphorus diet induced larger gland size. This agrees with 
Shelling (144) who found parathyroidectomized rats were more 
susceptible to tetany on low Ca-high P diets, than on high 
Ca-low P diets. 
Calcium, phosphorus, and magnesium intakes In addi­
tion to the ratio of calcium to phosphorus, the absolute 
amount of each in the diet could be important. Some research 
indicates that calcium in excessive amounts predisposes the 
animal to milk fever. Ender et al. (32) said cows may devel­
op milk fever on a high, medium, or low phosphorus intake 
provided the calcium intake is exceedingly high. Boda and 
Cole (11) decreased calcium intake from 120.0 g to 6.0 g 
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per day and eliminated milk fever. Feeding excess calciam 
for one week prior to calving did not prevent milk fever 
(93). 
Others say that phosphorus is the critical element and a 
plentiful amount is necessary to prevent parturient paresis 
(153, 35). Stott (153) felt that a lack of dietary phospho­
rus during lactation was the cause of milk fever. He in­
creased phosphorus intake from 50.0 g to 90.0 g a day and 
lowered the incidence of milk fever. Hibbs and Conrad (62) 
observed an increase in the calcium balance of cows if enough 
phosphorus was added to maintain a positive phosphorus bal­
ance. Turner et al. (162) obtained the same results. 
An excess intake of phosphorus may be effecting the same 
changes as a low calcium intake. Schryver et (141) noted 
an increased bone turnover rate in ponies fed a high phospho­
rus diet. There was also decreased calcium absorption and 
calcium retention, fieiss et (134) reported that oral ad­
ministration of one gram of phosphorus resulted in a 60-125% 
increase in serum PTH in man. The increase in serum PTH was 
accompanied by a decreased serum calcium, suggesting the re­
sponse was calcium mediated. Shelling's work (144) with 
parathyroidectofflized rats indicated that an animal with nor­
mal parathyroid function eliminates excess ingested phospho­
rus regardless of calcium intake. Mattick and Little (98) 
report just the opposite on calcium and phosphorus effects 
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and feel excess phosphorus or an insufficient lime intake 
favors milk fever. Yet another possibility is suggested by 
Fosgate (38) who said excess calcium interferes with phospho­
rus metabolism. 
The amount of grain intake may have some effect on 
mineral retention and milk fever incidence. Kendall and 
Harshbarger (73) found that increasing grain intake during 
the dry period to 1% of body weight daily prevented milk 
fever in cows that had developed the disease the previous 
lactation while receiving grain at 0.5% of their body weight. 
It is hard to draw conclusions, since doubling the grain 
intake also doubled the amount of calcium and phosphorus 
intake in the grain. Manston and Payne (94) also observed 
increased retention of calcium when cows were put on a 
"steaming up" grain intake prior to calving. Retention of 
calcium and phosphorus was improved by feeding 1.6 kg of 
grain a day in the work of Hibbs and Conrad (62) . 
The level of calcium or phosphorus ingested by the 
animal may affect the amount retained. Manston (93) observed 
that a relatively constant percentage of the dietary calcium 
and phosphorus was absorbed by cattle regardless of the level 
fed. Thus, as the level of each increased the amount re­
tained increased. There seemed to be no effect of calcium 
level on phosphorus retention or vice versa. Huffman et al. 
(67) however, reported that as the calcium in the diet of 
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cattle increased, the percentage utilized decreased. Benson 
et al. (9) reported an increased amount of calcium retention 
in rats fed a high calcium diet, but the percent retained «ras 
lower than in rats on a low calcium intake. Haag and Palmer 
(50) also noted increased retention when rats were fed high 
levels of calcium. In horses, as phosphorus intake increases 
the retention of phosphorus also increases (141, 27). As 
with calcium, the percent of the intake utilized appears to 
be higher on low phosphate diets (154, 67). 
Endogenous calcium losses tend to remain the same wheth­
er the animal is on a high or low calcium intake (83, 168). 
When Lengemann (83) corrected fecal calcium for endogenous 
losses, true digestibility was the same on a high or low cal­
cium diet in growing cattle. Visek et al. (168) reported 
similar results. 
The needs of the animal and its physiologic state can 
affect the utilization of a specific mineral. Visek et al. 
(166) observed that goats absorbed more calcium during peak 
lactation. Forbes et al. (37) reported the dairy cow was in 
a negative calcium balance during peak lactation regardless 
of calcium intake. Parries and Oslage (33) noted an in­
creased retention of calcium and phosphorus in cows as 
lactation progressed. Symonds ^  al. (158) and Visek et al. 
(167) both indicate that pregnancy can affect mineral utili­
zation. They found no calcium and phosphorus exchange be­
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tween the foetus and the dam once the calcium and phosphorus 
was assimilated in the foetus. Manston and Payne (94) noted 
that cows with previous milk fever histories had negative 
calcium balances for the last month of pregnancy, while cows 
without previous histories of milk fever had positive bal­
ances. Hansard et al, (54) found that supplementing older 
cows with up to 100 g of CaHPO^ did not place them in a posi­
tive balance. 
Abnormal magnesium intakes have been reported to alter 
calcium and phosphorus utilization at the dietary level and 
the cellular level (126, 91, 80). Palmer et al, (126) found 
high intakes of MgSO^ caused serious and continuous losses of 
calcium from cattle, provided there was also low phosphorus 
intake. Phosphorus supplementation overcame the detrimental 
effects of the excess magnesium. Hjerpe (66) fed low levels 
of magnesium to adult wethers and reported no influence on 
the calcium and phosphorus balances. Magnesium may influence 
PTH which in turn affects calcium and phosphorus balance. 
Horehead and Ressner (114) observed that rats on a magnesium-
deficient diet had enhanced calcium transport by the gut. 
They hypothesized that the magnesium deficiency stimulated 
PTH synthesis and therefore increased calcium transport. 
Gitelman et (42) noted a hypercalcemic and 
hypophosphateoic condition in rats on a magnesium deficient 
diet. Haag and Palmer (50) noted that a high magnesium 
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intake depressed both calcium and phosphorus retention in 
rats- These experimental results could be explained by a PTH 
mechanism. 
Recently magnesium has been implicated in the release of 
calcium from the bone. MacManus and Heaton (91) observed an 
in vitro decrease in bone calcium turnover rate of rats on a 
magnesium deficient diet. They said magnesium enhanced the 
release of calcium from aged bone by a physiochemical 
process, which seemed to involve exchange of magnesium for 
calcium on the surface of bone. Kronfeld and Bamberg (80) 
report the same results in cows fed a magnesium deficient 
diet. There was a decreased turnover rate of bone, and also a 
decreased amount of exchangeable calcium from the bone. 
Dietary pH There have been reports that the pH of a 
cow's diet may influence the incidence of parturient paresis. 
Kendall et (76) reported a 50% incidence of milk fever 
in cows fed a basic diet (NaHCO^ supplemented), and only a 
16.5% incidence in cows fed an acidic diet (Nf^ Cl added). 
Both groups received the same ratio of Ca:P (2.2:1). Ender 
and Dishington (31) fed diets high and low in calcium with 
some cows on each diet receiving supplemental acid in the 
form of A.I.V. silage (silage preserved with mineral acids). 
They found the high acid diets prevented milk fever regard­
less of the calcium intake. They concluded that a calcium-
rich acid type diet may be the best diet to prevent milk 
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fever. Gardner (40) feels the acid nature of mineral supple­
ments appeals to cows, and they will balance their own 
mineral needs if allowed the mixtures free-choice. The 
action of the acid diet on calcium retention or milk fever 
prevention is still undetermined. Hart et al. (56) found a 
daily ingestion of 115-230 ml of a 40% HCl solution increased 
calcium absorption from the gut slightly. It also increased 
calcium excretion in the urine, resulting in a net loss of 
calcium. Ender and Dishington (31), however, reported that 
acid diets result in a more favorable calcium balance, 
Kendall et al. (76) found that feeding 225 g of Cl lowered 
rumen pH from 6.6 to 5.6 and urine pH from 7.85 to 5.9. This 
acid environment could make calcium more soluble in the gut 
and also cause increased excretion by the kidney. Ender et 
al. (32) pointed out that acid diets may afford protection 
from milk fever because of hyperplasia of the parathyroid 
gland, which is known to occur in rabbits on acid diets. 
Blood Components 
Calcium 
Since the observations by Little and Wright (85) that 
blood calcium declined in paretic cows, blood calcium values 
have been reported for cows in different stages of the 
28 
lactation cycle. These include dry cows, lactating cows, 
prepartam and postpartum milk fever cows, and normal 
parturient cows. Other values are reported for cows which 
have had dietary manipulations such as: an acid-type diet, 
different Ca:P ratios, high grain intakes during the dry 
period, amd also fasting for 48 hours. These are presented 
in table 1. 
"Formal" calcium Generally, most people have report­
ed calcium values of 8.5-11.0 mg per 100 ml of plasma as the 
normal range in the non-parturient cow (102, 28, 32, 83, 1, 
46, 48, 109, 52, 88, 89). The blood calcium level is felt to 
remain fairly constant regardless of dietary manipulations 
(12, 83, 126, 66, 14, 35, 47, 163, 48, 109, 60). There are, 
however, reports that indicate diet may alter the blood cal­
cium. Dunham and Hard (28) observed that cows fed a 1.1:1 
Ca:P ratio had consistently higher blood calcium than cows 
which were receiving a 2.3:1 ratio. Saarinen (138) fed ex­
cessive calcium and phosphorus to dairy cows and noted that 
blood Ca was correlated only with the Ca:P ratio and the milk 
yield. He concluded that a high Ca:P ratio or a high calcium 
intake may be conducive to maintaining a high plasma calcium 
level. Stoerk and Carnes (152) noted that wide Ca;P ratios 
resulted in hypercalcemia, and narrow Ca:P ratios produced 
mild hypocalcemia in rats. Increased serum Ca levels have 
been reported by Steevens et al. (151) in cattle that were 
Table 1. Average plasma calcium values for normal, parturient, and paretic cows. 
Normal 
Réf. 
76 
Authors 
85 
28 
Kendall et al. 
Little and Wright 
Dunham and Ward 
73 Kendall and Harshbarger 
IIJL Moodie et al. 
46 Greig 
1 Allcroft 
U8 Haag and Jones 
Normal 
Parturien t 
Parturient 
Paretic Comments 
9.8-10. U 
1 0 . 0  
10 .0  
8.5- 11.4 
9.0-11.0 
(rog/100 ml) 
11.9 
8.4 
6.8- 7.9 
9.1 
8.5 
4.1- 7.1 
6.8-7.5 4.2-5.9 
5. 1 
2.3:1 (ca: P) , acid­
ic diet 
2.3:1 basic diet 
Calcium higher 
in middle 1/3 
of lactation 
Paretic cows re­
ceived grain at 0.5 
5o b.w. Parturient 
cows same except fed 
at 1 % body weight 
1st and 2nd lact. 
3rd lact. and older 
During lactation 
Lactating cattle 
fed alfalfa only 
109 Heiqs and Blathervick 1 1 . 0  
10.0  
First lactation 
Second lactation 
and beyond 
Table 1. (continued) 
Normal 
Réf. Authors 
95 Mart et 
51 Hallgreen 10.4 
88 Littledike et aJL. 10.0 
89 Littledike et al. 
9.(4 
103 Mayer jet al. 7.8 
5.6 
83 Lengetnann 10.5 
32 Ender et 9,0-11.0 
93 Manston 
102 Mayer et al. 8.5-11,4 
Normal Parturient 
Parturient Paretic Comments 
(mg/100 ml) 
8.9 
5.9 
<4.8 
3.8 
Mild symptoms 
Mod, symptoms 
Severe symptoms 
16-24 hr. post 
partum 
U .  1  
7.6 16-24 hr, post 
partum 
5.5 Mild symptoms 
3.7 Severe symptoms 
Lactating cows 
5.3- 8.5 
7.3 
4.3 
No paresis 
Growing cattle 
Cows on acid diet 
during lactation 
w 
o 
Table 1. (continued) 
Réf. Authors 
87 Littledike et al. 
17 Capen and Young 
1 MF = milk fever 
Normal Parturient 
Parturient Paretic Comments 
(mg/100 ml) 
U,8 Prepartum MF^ 
U.5 Postpartum MF 
5.0 Hidlactation MF 
3.7 
9.1 16-24 hr. post 
partum 
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fed a diet containing 0.4% phosphorus as compared to 0.6% 
phosphorus. Shelling (144) fed a high calcium - low phospho­
rus diet to parathyroidectomized rats and increased blood Ca 
from tetanic levels to a range of 8.2 to 14.0 mg per 100 ml. 
Morehead and Ressner (114) observed an increase in plasma 
calcium when rats were fed a magnesium-free diet. Plasma 
calcium decreased from 11.5 to 10.0 mg/lOO ml when ponies 
were fed a high-phosphorus diet {Schryver et al. 141). 
Feeding massive doses of vitamin D, which is done to try to 
prevent milk fever, also causes increased calcium levels in 
the blood of prepartum cows (94, 64, 65). 
Kendall et al. (76) and Kendall and Harshbarger (73) re­
ported that an acid diet and an increase in grain intake in­
crease blood calcium. It is difficult to interpret the 
values, however, since the authors include both milk fever 
and normal parturient cows in the averages. They averaged 
milk fever and normal parturient cows together. Therefore, 
the group with the higher incidence of milk fever would pre­
sumably have the lower Ca values also. Halse (53) decreased 
blood calcium levels by fasting lactating cows for 48 hours. 
He noted variable decreases; but most cattle dropped 2 mg/100 
ml, and some values as low as 4,5 mg/100 ml were observed. 
He feels the obvious analogy between calving and starvation 
is that calving increases the need for calcium, while 
starvation decreases the input of calcium. 
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There is also some indication that blood calcium levels 
vary with the stage of lactation in the cow. Dunham and Ward 
(28) found plasma Ca higher during the middle 1/3 of 
lactation. They felt this increase was due to a period of 
high feed intake and decreasing production. Groenwald (47), 
however, observed highest Ca values at the peak of or during 
the first month of lactation. 
Calcium levels have been reported to depend on the age 
of the animal. Meigs and Blatherwick (109) observed normal 
calcium values of 11.0 mg/100 ml of blood in the young heifer 
and a gradual decrease with age to a level of 10 mg/100 ml in 
the older cow. Newborn calves are also reported to have 
higher blood Ca levels than their dams (43, 47) . 
Ca at parturition At parturition all cows experience 
a hypocalcemia of varying degrees (102, 111, 107, 69, 150, 
88, 89). Hoodie et al. (Ill) observed, in cattle with normal 
parturitions, an average drop of 1 mg/100 ml in first and 
second calf heifers and an average decline of 2 mg/100 ml in 
third calf or older cows. Jackson et (69) also noted a 
milder and more uniform decrease in blood Ca of first calf 
heifers, as compared to older non-paretic cows where Ca 
decreased about 2.5 mg/100 ml. Wilson and Hart (174) ob­
served a lower blood calcium in all cows that had previously 
lactated. Littledike et al. (88) said clinically normal 
postpartum cows tend to have serum Ca levels midway between 
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dry cows and paretic cows. They quote an average value of 
7.6 mg/100 ml from 24 to 48 hours postpartum. Rayer et al. 
(102) said a mild hypocalcemia of 7.5-8.5 mg/100 ml is 
accepted as normal in mature parturient cows. 
The onset of hypocalcemia has been reported to occur at 
various times. Hoodie et al. (Ill) observed a calcium drop 
two days prior to calving in normal parturitions. The serum 
Ca of milk fever cows was lower three days earlier than was 
that of non-milk fever cows (10). Seekles et aJL. (143) noted 
a small drop in serum Ca four days prior to parturition, 
with a minimum value shortly before or after calving. Godden 
and Allcroft (43) reported a fall in serum Ca at calving or 
within 24 hours thereof. This agrees with Smith et al. (150) 
who observed that blood serum Ca dropped on the day of 
calving. Van Soest and Blosser (164) reported that both milk 
fever and non-milk fever cows start their calcium decline ap­
proximately 30 hours prior to calving. 
The duration of the hypocalcemic period has also been 
reported to be of different lengths. Little and Wright (85) 
said milk fever cows were still hypocalcemic (6.85-7,95 
mg/100 ml) from 3 days to 3 weeks post-treatment. Hoodie et 
al. (Ill) reported a gradual increase in calcium values until 
ten days after calving. Little and Mattick (84) observed 
that a lowered blood Ca was maintained for two to three days 
after parturition. Jackson et al, (69) found plasma Ca re­
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turned to normal by 48 hours postpartum in young and old 
cows. Smith et al. (150) noted blood calcium gradually re­
turned to normal by the fourth or fifth day after calving. A 
period of 2 to 7 days to return blood calcium to normal was 
noted by Littledike et al. (87). Greig (46) felt there is a 
period of hypercalcemia following the hypocalcemia with 
gradual adjustment back to normal. 
Milk Fever Cows Cattle which become severely 
hypocalcemic develop clinical parturient paresis. They ex­
hibit the characteristic symptoms of milk fever such as: a 
lowering of body temperature, muscle tremors, dilated pupils, 
lack of smooth muscle control, and finally the inability to 
stand (paretic). 
Hallgren (51) says the difference between the milk fever 
cow and the normal parturient animal is only quantitative. 
Godden and Duckworth (44) noted the calcium fall at calving 
was much steeper in milk fever cows than in non-milk fever 
ones. Van Soest and Blosser (164) also found that milk fever 
cows showed a much more rapid decline in blood Ca until 
parturition or until milk fever symptoms appeared. 
Blood levels reported with parturient paresis vary and 
are dependent upon the degree of paresis tolerated before the 
researcher treats the disease. Mayer et al. (103) observed 
that paresis is usually associated with a plasma calcium 
level below 5.0 mg/100 ml. He noted that prolonged 
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hypocalcemia did not seem to produce tetany in 23 cows which 
had blood calcium values between 7.0—5.0 ng/100 ml. An aver­
age blood Ca of 5.1 mg/100 ml was found in 82 cases of milk 
fever by Greig (46). His values ranged from 3.0-7.8 mg/100 
ml, however. Harr et (95) reported an average of 5.0 
mg/100 ml for all milk fever cows he observed prior to treat­
ment. littledike et al. (87) give average pre-treatment 
calcium values of 4.8 and 4.5 mg/100 ml for cows with 
prepartum milk fever and postpartum milk fever, respectively. 
Several researchers have gone even further and reported 
calcium values for various degrees or stages of milk fever. 
Little and Wright (8 5) said cows with mild milk fever 
symptoms had a 25-30% reduction in blood calcium while those 
with severe symptoms had a 60% reduction. Harr ^  al. (95) 
reported values of 5.9, 4.8, and 3.8 mg/100 ml, respectively, 
for cows with mild, moderate, or severe symptoms. Littledike 
et al. (89) found the average calcium values for mildly 
paretic cows to be 5.5 mg/100 ml, while those with severe 
parturient paresis had an average plasma Ca of 3.7 mg/100 ml. 
Post-Treatment Ca After administration of a calcium 
salt to relieve milk fever symptoms, a period of 
hypercalcemia exists. Marr et al. (95) reported an increase 
in serum Ca of 6-10 mg/100 ml in blood samples taken fifteen 
minutes after treatment. Mayer et (106) reported that 
intravenous injection of calcium is often followed by a 
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period of hypercalcemia in which blood Ca is greater than 14 
mg/100 ml. He observed calcium levels greater than 20 mg/100 
ml immediately after treatment with 500 ml of a 25.7% calcium 
boroqluconate solution, ffilliams (173) compared the degree 
of hypercalcemia when different levels of a calcium solution 
were administered. Infusion of 500 ml resulted in blood Ca 
values of 18 mg/100 ml or greater, while administration of 
only 250 ml showed values of 7.5-8.0 mg/100 ml. 
One danger of this hypercalcemia is heart block (106, 
173, 170). also Mayer et al. (106) say that Ca levels 
greater than 14 mg/100 ml cause a marked release of 
thyrocalcitonin, which is hypocalcemic in effect and may be 
one of the reasons for the necessity of re-treating cows 
treated this way. Harr et al. (95) compared blood Ca concen­
trations before treatment the first time with a Ca salt with 
the value prior to the second treatment in that cow. He 
found the values were higher before the second treatment was 
given. He noted that by ten hours after the first treatment 
animals had reached pre-treatment levels. There was no dif­
ference in the calcium curve during this 10-hour period be­
tween those cows which needed re-treatment and those that did 
not. Littledike et (87) feel that this calcium treatment 
does not alter the basic course of hypocalcemia, but corrects 
biochemical defects that occur secondarily to hypocalcemia. 
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Calcium Ion 
Ionized calcium is the fraction of serum calcium which 
is physiologically available to the animal (113) and the por­
tion to which the animal's calcium regulatory mechanisms are 
sensitive (108). Mc Lean and Hastings (108) say the normal 
range of ionic Ca is from 4.25 to 5-25 mg/100 ml plasma in 
humans and is a function of both total calcium and protein 
concentration. Moore (113) found no correlation between 
total calcium and the ionized fraction in humans. He noted 
the ionized fraction stayed approximately the same in a given 
person throughout the year, and any change in total calcium 
values was accounted for by protein-bound Ca. He concluded 
that the binding of calcium follows the mass law equation, 
and thus the amount bound to protein will depend on the 
amount of protein available. Smith and Sternberger (148) 
noted the percentage of ionized Ca remained approximately the 
same upon injection of calcium salts into dogs, suggesting 
that serum proteins are not saturated. There was no differ­
ence observed in transcapillary migration of •sca when 
infused as a calcium salt or bound to plasma, suggesting that 
equilibrium is rapidly reached between the free and bound 
states (Armstrong et al.) (5). 
Ionized or diffusable calcium has been measured in sev­
eral studies on milk fever. Little and Mattick (84) reported 
39 
that diffasable calcium decreased proportionately more than 
did the bound form at calving. Mattick and Little (98) noted 
that the percentage of ionized calcium decreased from 39% to 
3355 after calving in heifers. Godden and Duckworth (44) ob­
served a very low level of both ionic Ca and total Ca in milk 
fever cows, as did Hallgreen et al. (52). Harshak (96) says 
that when total calcium changes the ionized calcium changes 
in the same direction, so the ratio of ionized to unionized 
remains the same. Littledike et al. (87) observed a constant 
percentage of ionized Ca before calving, during milk fever, 
after treatment, and during recovery in a severely paretic 
Jersey cow. 
Phosphorus 
Blood inorganic phosphorus (Pi) appears to fluctuate 
more than blood calcium. Palmer et al. (125) found quite 
marked day to day variation in blood phosphorus of dairy 
cattle as did Eckles and Gullickson (30). 7an Landingham et 
al. (163) noted more fluctuation of Pi during lactation than 
during the dry period. 
Normal Phosphorus Normal serum levels of cows seem 
to fall in the range of 3.0-6.0 mg/100 ml blood plasma, 
ailcroft (1) and Mayer et al. (102) reported normal cows 
range from 3.1-6.0 mg/100 ml. Hayden (58) found an average 
Pi value of 5.3 mg/100 ml in cows before parturition. Fish 
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(35) said dry cows average 6.25 mg/100 ml. Theiler et al. 
(161) regarded values above 3.5 mg/100 ml as normal for the 
mature bovine. 
Inorganic phosphorus levels appear to be affected more 
by diet than do blood calcium levels. Low phosphorus intake 
in the diet causes a decrease in serum Pi (151, 147, 82, 47, 
163, 60, 92, 242). Groenwald (47) reported a difference of 4 
mg/100 ml in blood plasma of lactating cows on a low phospho­
rus diet versus a normal diet. Blood phosphorus decreased 
within 1 week after growing cattle were switched to a low 
phosphorus ration (60) . Steevens et (151) observed lower 
serum Pi levels in cows fed a diet containing 0.455 phosphorus 
than in those receiving a 0.6% phosphorus diet. Smith et al. 
(147) noted that as the amount of phosphorus fed to lactating 
cows increased the average blood Pi levels increased. 
Theiler, et (161) observed blood values as low as 1.0 
mg/100 ml in cows on a phosphorus-deficient diet. Johnson 
and HcClure (71) reported a lowered blood Pi in dairy steers 
on a diet without supplemental phosphorus as compared to 
steers on a normal diet, Eckles and Gallickson (30) stated 
that a low blood serum Pi level is a good indicator of a 
phosphorus deficiency. Dunham and Ward (28) found no differ­
ence in blood Pi levels of cows fed a diet containing a 2.3:1 
and a 1.1:1 ratio of Ca:P. Halse (53) noted a blood phospho­
rus decrease during early starvation similar to that which 
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occurs in milk fever, but after 48 hours there was an in­
crease of 2.5 mg/100 ml. 
High magnesium levels in the diet have been reported to 
depress blood Pi (126). Hjerpe (66), however, reported no 
change in plasma Pi between sheep fed a high and those fed a 
low magnesium diet. Beef cows did not show any change in 
blood phosphorus as the level of magnesium feeding increased. 
Lactation appears to also influence blood inorganic 
phosphorus levels. Hayden (58), Fish (35), Groenwald (47), 
and Lamb et al. (82) all report a lower blood inorganic phos­
phorus in cattle during lactation than during the dry period. 
Dunham and Ward (28) noted that the blood phosphorus varied 
with the stage of lactation, higher levels occurring at the 
end of the production period. 
The inorganic phosphorus levels in the blood have been 
reported to change with the age of the animal. Groenwald 
(47) and Meigs and Blatherwick (109) both reported calves had 
higher blood Pi than their dams. Haag and Jones (48) found 
that inorganic phosphorus levels continued to decrease with 
age. They observed a decrease from 7.7 mg/100 ml during the 
first 6 months of life to 5.2 mg/100 ml for animals 48 months 
Phosphorus at Parturition Phosphorus levels appear 
to decrease at calving in most cows (102,111, 143, 43, 88, 
87). Moodie et al. (Ill) found that first and second calf 
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heifers had a significant decrease in blood phosphorus, 
but the decline was less than that observed in older cows. 
Niedermeier et al. (121) found a depression of Pi at 
calving time in mastectomized cows. Manston and Payne (94) 
noted no difference in blood phosphorus of normal calving 
cows regardless of past incidence of milk fever. Littledike 
et al. (87) reported average inorganic phosphorus values of 
3.9 mg/100 ml in normal postpartum cows. Capen and Young 
(17) observed three non-milk fever cows had an average Pi of 
4.75 mg/100 ml at calving. A blood level of 4.2 mg/100 ml in 
first and second calf heifers was reported while a level of 
3.15 mg/100 ml was noted in older parturient cows at calving 
(111). Manston (93) noted that non-milk fever cows fed a 
high calcium diet had slightly lower blood Pi levels at calv­
ing than th'ose on a control diet. 
The start of hypophosphatemia is generally considered 
to occur before calving. Moodie (111) found that Pi began 
to decline 2 days prepartum, but more than half the decline 
came in the last 12 hours before calving. Marr et (95) 
said Pi began to fall 12-24 hours prepartum and reached a 
minimum at calving in normal cows. VanSoest and Blosser 
(164) found the phosphorus decreases paralleled the calcium 
decreases and started approximately 30 hours prepartum. 
Black and Capen (10) noted the Pi declined prior to calving 
and this sign forecast calving better than any 
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outward sign. Godden and Allcroft (43) observed that the 
level of phosphorus concentration of control cows increased 
prepartum, but milk fever cows decreased during the same in­
terval. Wilson and Hart (174) , however, report the drop oc­
curred the day after calving. 
The return of plasma phosphorus to normal levels has 
been reported to be quicker than that of calcium (84). 
Hoodie et a^. (Ill) noted, as did Marr et al. (95), that 
after calving there is an immediate reversal of the trend and 
phosphorus begins to increase. Godden and Allcroft (43) re­
ported an increase in Pi after calving to a peak at the 
fourth or fifth day and then a fall to normal levels. 
Milk Fever Cows Cows that have more severe symptoms 
of milk fever also have lover blood Pi (52). Hayden (58) ob­
served an average inorganic phosphorus concentration of 2.5 
aq/100 ml in milk fever cows, with a range of 1.2-4.1 mg/ 100 
ml, Marr et (95) found an average of 1.6 mg/100 ml in 
all milk fever cows observed, with phosphorus levels being 
higher before the second treatment than before the first. 
Littledike et al. (87) reported a blood level of 2.1 mg/100 
ml of inorganic phosphorus in postpartum milk fever cows, and 
a higher level of 2.9 mg/100 ml in prepartum cases of the 
disease. Jackson et al. (69) suggested two types of milk 
fever; one where both calcium and phosphorus decrease and the 
other where only calcium declines. Wilson and Hart (174) re­
nu 
ported in some cases there was a marked increase in phospho­
rus at calving time. 
As with calcium, blood plasma Pi levels have been re­
ported at different severities of milk fever. Blood levels 
of 2.0, 1.4, and 1.0 mg/100 ml are reported for mild, 
moderate, and severe symptoms of milk fever by Marr et al. 
(95). Littledike et a2. (89) observed higher levels of 
Pi in cows with mild symptoms, but approximately the same 
levels (1.3 mg/100 ml) as Marr observed for cows with severe 
milk fever symptoms. 
Post-Treatment Phosphorus A response to treatment for 
milk fever is noted in inorganic phosphorus levels. Fish (35) 
noted that when udder insufflation was used there was a 
doubling of Pi levels in the blood. Marr et al. (95) found 
an increase in plasma phosphorus after intravenous treatment 
with calcium. The rise was consistent in groups that 
recovered satisfactorily, but in the groups that needed 
retreatment the rise in Pi was less and leveled off until the 
next treatment. 
Magnesium 
Blood magnesium also may change at parturition. Magne­
sium levels vary with the dietary magnesium intake (66, 14, 
80). Hierpe (66) reported hypomagnesemia in wethers on a low 
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magnésium diet. Kronfeld and Ramberg (80) noted severe 
hypocalcemia in cows which were restricted to a dietary 
intake of 0-4 g of magnesium daily. An increase in the serum 
Mg level occurred when beef cows were fed increasing amounts 
of magnesium during lactation (14). The Ca:P ratio of the 
diet appears not to influence serum magnesium levels. 
Steevens et al. (151) found no difference in Mg levels of 
cows fed a 3:1 or 1:1 ratio diet. Dunham and Ward (28) also 
observed no difference in blood levels of Hg with cattle 
whether receiving a 1:1 or a 2.3:1 Ca:P ratio diet. Ender et 
al. (32) noted consistently higher blood Mg levels when cows 
were fed 30.0 g of Ca and 90.0 g of P daily, as compared to 
cows getting 90-100 g of Ca daily. They were also receiving 
37.0 g of Mg a day which may have influenced the results. 
Capen et al. (16) administered large doses of vitamin D 
to cows and decreased serum Mg levels. Halse (53) found that 
blood magnesium increased after cows were starved for 1 day. 
Hoodie and Robertson (112), however, noted that induced gut 
stasis had no effect on blood Mg. 
Normal Magnesium Normal concentrations of blood mag­
nesium have been reported to be from 1.8-3.0 mg/100 ml blood 
plasma. Kronfeld and Bamberg (80) report a value of 2.0 
mg/100 ml in cows on a normal diet. Littledike et al. (88) 
found an average Mg of 2.2 mg/100 ml during the dry period. 
Allcroft (1) observed the normal cow's Mg ranged from 1.8 to 
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3.2 mq/100 ml, with values being egually distributed above 
and below 2.4 mg/100 ml. Harrison and Harrison (55) reported 
normal serum magnesium levels of 1.5-1.6 mg/100 ml in rats. 
Groenwald (47) noted only slight variations of plasma Hg from 
month to month in lactating cows, but observed a tendency for 
Hg to increase during lactation as compared to the dry period 
levels. Average Mg levels were 2.6 mg/100 ml in non-
lactating cows and 3.1 mg/100 ml in lactating cows. 
Magnesium at Parturition There is disagreement about 
whether the blood magnesium changes at parturition. Jackson 
et al. (69) report no change in the blood Hg of first calf 
heifers at parturition. Hayden (58) observed no changes in 
plasma Hg of normal calving cows. Seekles et (143) ob­
served three cows daring parturition and only one had in­
creased magnesium levels. 
Others report a hypermagnesemic condition in cows at 
calving. Hoodie et al. (Ill) observed increases in both 
first calf and older cows that calved normally. Hayer et al. 
(103) observed hypermagnesemia (>3.3 mg/100 ml) in 32 
hypocalcemic cows that did not develop paresis. Godden and 
Duckworth (44) reported plasma Hg increased from 1.7 to 2.2 
mg/100 ml in normal cows at calving. Hibbs et al. (65) says 
there is a trend for Hg to increase at parturition. 
Littledike et al. (87) and Littledike et al. (88) found a 
significant increase in plasma Hg from 2.2 mg/100 ml in dry 
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cous to a level of 2.6 mg/100 ml in normal postpartum cows. 
Jackson et al. (69) found a gradual increase in blood Hg of 
mature animals until 4 hours postpartum and then a slow 
return to normal. Moodie et al. (Ill) observed Kg remained 
constant until approximately 12 hoars prepartum when it in­
creased. It remained elevated until 2 days postcalving. 
There may be a period of hypomagnesemia following the 
period of prolonged Mg elevation at calving. Allcroft and 
Godden (2) noted low Mg values from the third through sixth 
day after calving. They also noted a large number of 
hypomagnesemic disorders occurred the first 4 days post­
calving. Halse (53) noted a similar hypomagnesemic phenome­
non in cows that were starved for U8 hours. Initially, blood 
Kg increased from 2.45 to 2.6 mg/100 ml, but then it 
decreased to 2.1 mg/100 ml. This low level persisted even 
after 4 to 5 days of refeeding. He suggested an early milk 
fever phase and a subsequent hypomagnesemic phase. 
Milk Fever Cows In severe cases of hypocalcemia 
there is a trend toward hypermagnesemia. Hayden (58) noted 
an increased plasma Hg in milk fever cows. Godden and 
Duckworth (44) report the increases in milk fever cows are 
similar to those occurring in non-milk fever cows. Marr et 
al. (95) observed increasing blood Mg levels as milk fever 
symptoms became more severe. Littledike et (87) reported 
a blood Mg of 3.0 mg/100 ml in paretic cows, which is 0.4 
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œg/100 ni higher than their values for normal parturient cows. 
Yet, Hoodie et al. (Ill) reported values this high or higher 
for normally calving cows and heifers. Thus, absolute values 
for milk fever cows vary, bat within any given experiment flg 
values for milk fever cows are higher than values for a not^ 
mal parturition. This difference may be due in part to the 
different analytical technigues used in determining magnesium 
in the different experiments. 
Some reports have indicated that this hypermagnesemic 
condition is the cause of the coma associated with parturient 
paresis. Schulhof (142) said milk fever is not due to 
hypocalcemia or hypoglycemia; but to Mg narcosis. Hallgren 
(51) felt that when blood Ca was low and Hg high a coma was 
produced due to the changed Ca;Hg ratio of the blood. Hayden 
(58) claimedvmilk fever was not due to a Mg "narcosis", after 
he observed the blood Hg levels of milk fever cows. 
Post-treatment Magnesium Magnesium does not appear 
to progress back to normal upon calcium treatment as quickly 
as phosphorus. Godden and Duckworth (44) reported no de­
crease in plasma Mg after treatment with calcium 
borogluconate. This agrees with the results of Marr et al. 
(95) who noted no difference between plasma Mg at the first 
and second treatment for milk fever. They did report, howev­
er, that udder insufflation caused an increase in plasma Mg 
levels. 
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Glucose 
A decline in blood glucose was implicated as the cause 
of milk fever by a Canadian veterinarian in 1923 according to 
Hibbs (61). ffidmark and Carlens (171) proposed that the 
mammary gland was taking sugar out of the blood faster than 
the gut or liver could replace it and a coma followed. 
Hayden (57) disproved this idea when he observed blood plasma 
pretreatment levels of glucose in milk fever cows were 83.1 
mg/100 ml blood plasma compared to levels of 50 mg/100 ml in 
normal cows. 
lactation has been reported to have an effect on glucose 
levels. Schlotthauer (139) reported that glucose averaged 
64,5 mg/100 ml in plasma of non-lactating cows, with a range 
of 60.0 to 70.9 mg/100 ml. He noted that, during lactation, 
as milk yield increased glucose levels decreased. Auger (7) 
observed a concentration of 80 mg/100 ml in dry cows and 
heifers as compared to 60 mg/100 ml in milk cows. 
Kendall et al. (77) reported that cows fed grain at 1% 
of body weight during the dry period had lower glucose at 
calving, but he combined milk fever and non-milk fever cows 
in his averages so it is difficult to interpret his data. 
Glucose at parturition Glucose increases at calving 
(164, 110, 139, 7, 157). Auger (7) and Merrill and Smith 
(110) noted that glucose increased by one or two days 
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prepartum, Surve (157) found blood glucose to be signifi­
cantly higher on the day of calving than at any pre- or 
postpartum time. Merrill and Smith (110) observed the high­
est concentration 0-6 hours postpartum. 
This hyperglycemia at calving may be due to stress con­
ditions and the release of adrenocortical hormones, which 
would increase gluconeogenesis (Van Soest and Blosser ,164) . 
Merrill and Smith (110) injected ACTH into cows and obtained 
a 20 mg/100 ml increase in glucose by 16 hours after injec­
tion. Surve (157) said if glucose levels are indicative of 
the stress at calving, then the higher glucose levels he ob­
served in heifers mean greater stress for them than for older 
cows. Littledike et al. (88) also found a significant in­
crease in glucose at parturition. 
The length of the hyperglycemic period appears to be 
short. Merrill and Smith (110) observed blood sugar returned 
to normal by the second day postpartum. Littledike et al. 
(88) reported glucose levels equal to those of dry cows by 
12-48 hours postpartum. 
Milk Fever Cows Hyperglycemia is noted in cows with 
severe milk fever symptoms. Van Soest and Blosser (164) 
noted two separate glucose peaks in cows with milk fever. 
Levels were the highest with the onset of milk fever 
symptoms. Schlotthauer (139) found marked variation in the 
glucose of blood samples taken before udder inflation. 
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Littledike et al. (88) observed glucose levels of 115 mg/100 
ml in milk fever cows prior to treatment. They found insulin 
was significantly lower in milk fever cows than in normal 
cows as measured by a glucose "load" test. As soon as calci­
um was administered to the milk fever cows, an insulin re­
sponse was noted. The authors suggest that when blood Ca is 
severely depressed there is an insulin block, and the milk 
fever cow responds as a diabetic. 
Posttreatment Glucose After treatment with calcium 
borogluconate, blood glucose decreases (Littledike et al., 
88; Schlotthauer, 139; Van Soest and Blosser, 16U). When 
calcium began increasing, glucose plummeted to very low 
values and then glucose rose again (VanSoest and Blosser). 
Lactose 
When samples were analyzed for sugars before techniques 
were available to distinguish between reducing sugars there 
was no way of distinguishing glucose from lactose in the 
blood and urine (61). Thus, these early reports of an in­
crease in blood sugar after udder insufflation were probably 
due to lactose (139) . Auger (7) and Hayden (57) found udder 
inflation caused a marked increase of lactose in plasma and 
urine of milk fever cows. Hayden (57) said lactose repre­
sented 5456 of the total blood sugar in samples taken a few 
minutes after the udder was insufflated with air. 
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Kahn and Linzell (81) found lactose in the plasma of 
nalliparous goats four days before parturition. They could 
not find it in male goats or non-lactating females, which 
supports the hypothesis that the mammary gland is probably 
the sole source of lactose appearing in the blood. Kendall 
et al. (74) identified lactose chromatographically in the 
plasma of parturient cows. They found levels of 0-10 mg/100 
ml one to two weeks prepartum, which increased to 30 mg/100 
ml at calving in some cows. Kuhn and Linzell found a level 
of 1.2 mg/100 ml in a goat 1/2 day before kidding. They ob­
served average blood levels of 1.8 mg/100 ml in lactating 
goats. 
Increased udder pressure may cause an efflux of lactose 
into the blood. Widmark and Carlens (172) found lactose in 
the urine of cows one week after calving in 11% of those cows 
observed. Kendall et al. (7U) report levels of 100-200 
mg/100 ml in the urine of cows not milked for 18-24 hours. 
Kuhn and Linzell (81) estimated that 42.7% of the total 
lactose in the gland passed into the plasma when the goat was 
not milked for 46 hours. Hayden (57) said there is no corre­
lation between the lactose in the blood and incidence of milk 
fever. 
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PROCEDURES 
Animais 
Twenty-two Jersey and five Ayrshire cows from the Iowa 
State University dairy herd were used over a three-year 
period. Animals were assigned to either a wide or narrow 
Ca:P ratio diet based upon their previous lactation records, 
age of the animal, and past history of milk fever. First 
calf heifers were assigned alternately to either diet at 
parturition. Tables 1 and 2 of Appendix A summarize age, 
breed, milk production, years sampled, and incidence of milk 
fever of the experimental animals. 
Diets 
Narrow Calcium:Phosphoriis Ratio 
The narrow calcium to phosphorus ratio was achieved by 
feeding the Iowa State herd concentrate mix (shown in table 
2) and limiting the roughage source to corn silage. Since 
corn silage is low in calcium, the ratio achieved was calcu­
lated to be approximately 1:1 and was close to this as 
verified fay chemical analyses shown in table 3. The ratio 
varied slightly as the amount of grain mix increased to meet 
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Table 2. Concentrate mixtures 
July 1, 1967 to July 1, 1968 
445. 4 Kg Crushed shelled corn 
136. 4 Kg Crushed or rolled oats 
136. 4 Kg Wheat bran 
172. 6 Kg 44% soybean oil meal 
9. 1 Kg Dicalcium phosphate 
9. 1 Kg Trace mineralized salt 
July 1, 1968 to January 1, 1969 
509.0 Kg Crushed shelled corn 
181.8 Kg Crushed or rolled oats 
172.6 Kg 44% soybean oil meal 
9.1 Kg Dicalcium phosphate 
9.1 Kg Trace mineralized salt 
January 1, 1969 to end of experiment 
597.7 Kg Crushed shelled corn 
147.7 Kg Crushed or rolled oats 
136.4 Kg 44% soybean oil meal 
9.1 Kg Dicalcium phosphate 
9.1 Kg Trace mineralized salt 
9.1 Kg Urea 
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Table 3. Influence of feeding level on Ca:P ratio . (Low Ca) 
Grain Silage Ca intake P intake Ca:P ratio 
(kg DH/day) (kg DM/day) (g/day) (g/day) 
3.67 6.69 37.2 34.7 1.07:1 
4.84 6.69 41.0 41.0 1.00:1 
6.09 6.69 45.2 47.8 .94:1 
7.35 6.69 49.3 54.6 .90:1 
8.51 6-69 53. 1 60.8 .87:1 
9.77 6.69 57.3 67.6 .85:1 
11.02 6.69 61.5 74.4 .83:1 
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production needs. 
Hide Calcinm;Phosphorus Ratio 
The wide calcium to phosphorus ratio was achieved by 
adding calcium carbonate* (CaCO^) to the herd mix previously 
shown in table 2. Again, the animals were fed corn silage as 
the only roughage. The ratio was calculated to approximate 
an 8:1 Ca;P ratio; but chemical analysis showed it to be ap­
proximately 6:1 (table 4), The ratio varied somewhat from 
the dry period to the lactation period as the level of grain 
feeding was increased. 
Housing Facilities 
Dry Period 
Animals were placed in one of two outdoor, unpaved lots 
six weeks before expected calving, as estimated from breeding 
dates. The lots designated high and low calcium were 
adjacent. The cows in both lots shared the same housing fa­
cility, as the dividing fence between lots extended into the 
barn. Both groups of cows drank from the same waterer locat­
ed in the fence line that separated the lots. Each lot had a 
iCalcium Carbonate Company, Quincy, Illinois 
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Table 4. Influence of grain level on Ca:P ratio (High Ca) 
Grain Silage Ca intake P intake Ca:P ratio 
(kg DH/day) (kg DH/âay) (g/day) (g/day) 
4.30 6.69 202.7 38.1 5.30:1 
5.60 6.69 256.4 45.1 5.70 
6.95 6.69 312.1 52.4 5.95 
8.30 6.69 367.8 59.7 6.20 
9.60 6.69 421.6 66.7 6.30 
11.00 6.69 479.4 74.3 6.50 
12.25 6.69 531.0 81.0 6.50:1 
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fence line bunk where cows were fed corn silage and the 
concentrate. 
Maternity Period 
When cows showed signs of calving (generally 2-3 days 
prior) they were placed in an individual box stall in the 
maternity unit. Each stall contained water and feeding fa­
cilities and was bedded with straw. Cows were allowed to 
remain here for at least three days after calving. 
Lactation Period 
During the lactation period cows were housed in a barn 
with individual tie stalls. Shavings were used as bedding 
material. In the summer, animals were placed in an exercise 
lot for about two hours daring the day, but were not allowed 
pasture. They were milked two times daily in a milking 
parlor; feeding was in the stalls. 
Feeding Regime 
Dry Period and Maternity Barn 
During the dry period, cows in both groups were fed corn 
silage ad libitum once a day. They were fed enough so that a 
small amount of silage remained in the bunk at the next 
feeding. In the first year's study (1968) the silage fed and 
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the refusals were weighed during January, February, and March 
for the high calcium diet cows. The average daily 
consumption was 23.8 kg. Collection of silage intake data 
was continued throughout 1969 on a one-day-a-week basis. The 
amounts fed and refused were weighed during a 24-hour period 
starting Saturday morning at 7 a.m. This was done in both 
wide and narrow Ca:P ratio groups; average daily consumption 
was 21.8 kg/cow in the wide group and 22.0 kg/cow in the 
narrow group. These figures were used to calculate the 
amount of calcium and phosphorus supplied from corn silage to 
determine the Ca:P ratio of the total diet. Daily grain 
intake was limited to 1.81 kg of the concentrate mix used for 
lactating cows. Calcium carbonate was added to the basal 
concentrate in the ratio of 1 kg of CaCOg to 4 kg of 
concentrate to achieve the high calcium diet. The 
concentrate and CaCO^ were mixed in a Strong-Scott Porta 
mixer. For the cows on the wide ratio, 0.37 kg of the total 
of 1.81 kg concentrate was calcium carbonate. 
If more than one cow was in a lot, the grain was placed 
in the bunk at spaced intervals to help egualize consumption 
among cows. Ca:P ratios during the dry period were 1:1 for 
the narrow regime and 8:1 for the wide, assuming the same 
corn silage intake by cows on both diets. This same feeding 
schedule was followed while the cows were in the maternity 
barn. 
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Lactation 
During the lactation period cows were again fed corn 
silage ad libitum, two times daily. Concentrate was fed to 
each cow in accordance with production. Milk was weighed at 
each milking; concentrate feeding was adjusted weekly to 
compensate for production changes. Adjustments were made in 
increments of 1.36 kg per day. As concentrate made up a 
greater part of the diet of high producing cows, the propor­
tion of phosphorus in the diet increased faster than the cal­
cium. Therefore, to maintain the wide Ca:P ratio, increasing 
amounts of CaCOg were added to the concentrate, as shown in 
table 5. The diets were calculated by use of NRC values 
(119) for average Ca and P contents of the feedstuffs. Then 
samples of silage and concentrate (before and after CaCOg was 
added) were subjected to chemical analysis. Results are 
shown in tables 3 and 4 of Appendix A. 
Blood Sampling Schedule 
Opon first assignment to a treatment, cows were placed 
on their respective diets and blood sampling was started at 
weekly intervals six weeks prior to calving. Ten days before 
anticipated calving date, daily sampling was started. Both 
weekly and daily samples were taken at 5 p.m. Samples were 
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Table 5. Calcium added to grain at various levels of 
feeding during lactation 
Concentrate fed daily CaC03 added 
(kg) (kg) 
4.1 0.63 
5.4 0.72 
6 .8  0 .86  
8.2 0.95 
9.5 1.09 
10.9 1.23 
12.3 1.23 
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obtained from the jugular vein with a 14-gauge needle. 
approximately 3 days prior to calving 3-time-a-day 
sampling was started. This was continued until the cow ap­
peared to be a day from calving at which time a 1 1/2 hour 
sampling interval was initiated. This schedule continued 
until 24 hours postpartum or longer if milk fever occurred. 
Deviations from this schedule occurred if the animal was 
treated, when a sample was taken just before treatment and 
again soon after treatment. 
When the animal which developed milk fever appeared to 
have returned to normal, 1 1/2 hour sampling was stopped and 
samples were taken 3 x daily until the cow left the maternity 
barn. Daily samples were continued until 10 days postpartum. 
Then 2, 3, and 4 eeek samples were taken, a monthly 
sampling interval was maintained throughout the remainder of 
the lactation. This cycle was repeated in the cows which 
were observed during more than one calving. To minimize 
stress on the animal during freguent sampling, a 30-cm 
catheter of polyvinyl tubingi (1.5 mm i.d. x 2.3 mm o.d.) was 
inserted into the jugular, using a 10-gauge needle as the 
cannula for its entry. The neck area of the cow where the 
catheter was to be inserted was anesthetized 20 minutes prior 
iSuprenant Mfg. Co., Clinton, Massachusetts 
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to surgery with procaine HCl. The catheter was positioned so 
that approximately 2 cm remained external. A Luer Lok hub 
and valve were fitted to the tubing and both were sutured to 
the neck, using a total of 3 stitches. Powdered Aureomycin 
was used to prevent infection of the wound. The catheter was 
removed when the animal left the maternity barn. 
Blood samples of approximately HO ml were taken with a 
50 ml plastic disposable syringe. After sampling the 
catheter was flushed with 0.9% saline and then was filled 
with a heparin-saline solution (166 units heparin/ml) to pre­
vent clotting. When the next sample was taken, 5-10 ml of 
blood was withdrawn and discarded. The sample was then taken 
and transferred to a 50 ml plastic centrifuge tube containing 
heparin (100 U/ ml) as an anti-coagulant. Samples were 
promptly centrifuged at 5,00 0 RPM for 15 minutes in a Sorvall 
Model SS 1 table top centrifuge, maintained at 4° C to cool 
the samples as rapidly as possible. Plasma was decanted into 
5 dram snap-cap plastic vials and frozen. Duplicate 2 ml 
samples for parathyroid hormone (PTH) analysis were placed in 
plastic tubes, capped with parafilm, and stored at 0°C until 
analyzed. 
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Criteria for appraisal of Milk Fever and Treatment 
To get the most pertinent blood data and to give the cow 
the utmost chance to recover from hypocalcemia spontaneously, 
treatment was delayed as long as possible in most cases. The 
following list of criteria for the symptoms of milk fever was 
prepared by staff members of the Iowa State University 
Veterinary Clinic; 
I. Normal 
II. Early clinical signs 
A. Temperature normal or slightly elevated (101.5-
102.5° F. 
B. Animal off feed - no visible signs of rumen 
activity. 
C. Feces scanty - often dry and firm. 
D. Hind legs may appear somewhat stiff. 
E. May be nervous or occasionally belligérant 
III. Depression 
A. Temperature 101° f or lower; ears and teats 
feel cool. 
B. Muzzle dry. 
C. Difficulty in rising. 
D. Unsteady gait. Pressure placed on side of hip 
may almost cause animal to fall. 
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E. No defecation. 
F. Muscle tremors over shoulders and large muscles 
of hind limbs. 
G. May be a grinding of teeth. 
H. Pulse rapid (75 or more beats per minute) and 
weak. 
I. Rumen activity minimal or absent. 
J. Relaxation of anal and vulvar musculature. 
IV. Recumbency 
A. Animal down; unable to rise. 
B. Head usually held to side, but, if extended, 
usually a characteristic S-shaped curve in neck. 
C. Rumen may distend with gas. 
D. Pulse rate increased further; may be almost 
inaudible. 
E. Respiratory rate normal but there may be a 
decided expiratory grunt. 
F. Eyes may appear dull; pupils dilated. 
The first 10 milk fever cases were diagnosed and treated 
by staff members of the Iowa State University Veterinary 
Clinic. To standardize the stage at which treatment was 
initiated, subsequent milk fever cows were treated by person­
nel associated with the experiment. Cows were usually in 
stage IV as described above, before treatment was given. 
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Animals were treated with a sterile, phosphorus- and 
magnesiam-free, 23% calciumboroglaconate solutionexcept 
for the first 10 milk fever cows (treated by the 
veterinarians) which were given a commercial milk fever prep­
aration containing phosphorus and magnesium in addition to 
calcium. Animals were treated by infusion of the solution 
through the jugular catheter when possible. If there was no 
catheter, then a needle was inserted into the jugular vein 
and was connected to the infusion tube. A sterile solution 
administration kitz with an adjustable flow regulator was 
used so that the solution was administered slowly at a "drip" 
rate. Generally 40-50 minutes were required to administer 
500 ml of the solution. 
Analytical Techniques 
Feed 
Feed samples were ground to a fine powder in a Wiley 
mill3. Dry ice was added to the silage in a 1:1 ratio to 
^Obtained from Physiology Section, National Animal 
Disease Laboratory, Ames, Iowa 
zplexitron R41, Travenol Laboratories, Morton Grove, 
Illinois 
3Model #2 with 60 mesh copper screen 
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make the silage brittle enough to be pulverized easily. 
After grinding, silage and concentrate samples were placed in 
plastic bags (closed with rubber bands), frozen, and stored 
at 00 c, until analyzed. 
Corn silage and concentrate samples were wet ashed in 
duplicate, using the procedure described by Johnson and 
Dlrich (70) . At the same time samples were weighed for wet 
ashing, 1 g samples were weighed for determination of dry 
matter. The latter were placed on 5.0 cm glass evaporating 
dishes and heated for 12 hours in a drying oveni at 110° C. 
When removed from the oven, samples were allowed to cool in a 
dessicator before being weighed. The same samples were then 
redried for another 12 hours to determine if all moisture had 
been removed. Dry weight values were subtracted from wet 
weights to get the percentage of dry matter. 
All feedstuffs were analyzed for calcium and magnesium 
by atomic absorption spectroscopy, using a Techtron 2 Model 
AA-5 spectrophotometer equipped with an AB 51 burner and 
using an air-acetylene flame. Instrument settings for deter­
mination of each mineral were made according to the operators 
manual (165). After complete digestion, samples were trans-
iPreas, model 124 
^Techtron Pty. Ltd., Melbourne, Australia 
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ferred quantitatively to 100 ml volumetric flasks. The 
Kieldahl flasks used for digesting the samples were rinsed 2 
X with deionized water, and these washings were added to the 
volumetric flasks. Samples were made to volume with addi­
tional deionized water. K second dilution was made by 
pipetting 1.0 ml of the material from the 100 ml volumetric 
to a second volumetric, its size depending upon the particu­
lar sample being analyzed. Twenty-five ml volumetrics were 
the receptacles if corn silage or grain without added CaCOg 
was being analyzed; if concentrate plus CaCOg was the materi­
al, then 100 ml volumetrics were used. A 10% lanthanum 
chloride (Lad3) solution was added to the flask at 10% of 
its final volume so a final concentration of IS laClg was ob­
tained. The lanthanum chloride was added to prevent inter­
ference of PO "and SO." ions in the calcium determinations as 4 4 
described by Pybus et (130). Deionized water was added 
to bring the mixture to volume. 
Duplicates were analyzed directly from these flasks. A 
reading of a CaCO^ standard was taken between each set of du­
plicates during calcium analysis and a reading of MgSO^ stan­
dard between magnesium analyses. The percentage of calcium 
and magnesium in the samples was calculated by comparing the 
average of the duplicate samples with the reading of the 
standard taken between them. 
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Total phosphorus was determined colorimetrically by 
making a phosphomolybdate complex. One to 4 ml of digested 
material was taken from the 100 ml volumetric transfer flask 
and placed in a clean test tube. One milliliter was taken 
from concentrate sample digests and H ml from corn silage 
sample digests (to compensate for the corn silage's lower 
phosphorus concentration). Enough 1N KOH was added to 
neutralize the solution, as indicated by pH paper, and then 1 
ml of a 0.1 N tris buffer was added. Deionized water was 
added to bring the total volume to 5 ml. 
Upon neutralization of the samples, some precipitation 
of perchlorate salts occurred, thus 2 ml of the clear 
filtrate was transferred to another tube for completion of 
analysis. Reagents were added to this 2 ml fraction for the 
modified Fiske and Subbarow phosphorus determination de­
scribed later in the section on blood analysis. Samples were 
shaken and allowed to react for 20 minutes. They were read 
on a photometer * with a 660 mpfilter. Phosphorus concentra­
tions were determined by comparing readings for the feed 
samples with Na2HP0^ standards which were treated the same as 
the samples. 
IKlett-Summerson photoelectric colorimeter 
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Plasma Calcinm and Magnésium 
Total plasma calcium and magnesium srere determined by 
atomic absorption spectroscopy. Plasma was thawed and 
brought to room temperature slowly and was œixed by shaking 
before pipetting. For calcium analysis duplicate 0.6 ml 
aliquots were pipetted into 25 nl volumetric flasks {41.7 x 
dilution) and for magnesium duplicate 0.5 ml portions were 
pipetted into 50 ml volumetric flasks (100 x dilution). Then 
approximately 10 ml of deionized water was added. A LaCl^ 
solution to make a final concentration of 30 millimolar 
lanthanum chloride (to inhibit interference from phosphates, 
130) was added next, and the flasks were brought to final 
volume with deionized water. Some water was added prior to 
the addition of LaCl^ to prevent a clumping of plasma pro­
teins which was noted to occur when the laClg was added to 
plasma alone. The flasks were fitted with ground glass 
stoppers and mixed by inversion before analysis. 
h stock calcium standard was prepared by adding 2.5 gm 
of CaC03 ( oven dried at lOOO C for 24 hours), 7 ml of con­
centrated hydrochloric acid, and deionized water to volume in 
a 100 ml volumetric flask. Working standards were prepared 
from this by pipetting 0.125, 0.25, and 0.5 ml into 1000 ml 
volumetric flasks to give Ca concentrations of 1.25, 2.5, and 
5.0 ppm. Magnesium standards, as described below, were also 
added to these volumetrics before they were brought to 
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volume. 
& stock magnesium standard was prepared by weighing 1 g 
of MgCl2 . 6H2O into a 100 ml volumetric and diluting to 
volume with deionized water. Working standards were made 
from this stock solution fay pipetting 0.6, 0.4, and 0.2 ml 
into the 1000 ml volumetric flasks already containing the 
calcium standards, to give magnesium concentrations of 0.7, 
0.5, and 0.24 ppm. 
A blank of 30 mmolar LaCl^ in deionized water was used 
to set machine absorfcance to 0. The order for reading 
samples was: sample, standard, duplicate sample. This was 
done to minimize error due to instrument drift. Our standard 
solutions were checked against a Dade Labtroli standard to 
minimize day to day variation. 
Plasma inorganic phosphorus 
Inorganic phosphorus was determined by the method of 
Fiske and Subbarow (36) except for three modifications. 
First, five milliliters of a 10% TCi solution was added to 1 
ml of plasma instead of a 4:1 ratio as recommended in the 
original procedure. Second, instead of being filtered, the 
solution was centrifuged at 12,100 x g for 10 minutes and 
then 2 ml was pipetted into a clean test tube for addition of 
iB-5100 Labtrol, Scientific Products Co., Moline, 
Illinois 
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reagents. The final alteration was that a 1% solution of 
Eloni (p-methylaminophenol sulfate) was used as the reducing 
agent rather than a 0.25% aainonaptholsulfonic acid solution 
as used in the Fiske and Subbarow procedure. 
Plasma sugars 
Glucose was determined by the enzymatic glucose oxidase 
method.^ Duplicate protein-free filtrates from each sample 
were prepared using an adaptation of the method of Somogyi 
(120). Since plasma was being used instead of whole blood, 
which decreased the amount of protein to be removed, only 5 
volumes of water were added to 1 volume of plasma rather than 
15 volumes of water to 1 volume of blood. One ml of this 
protein-free filtrate was then saved for glucose analysis and 
1 ml was pipetted into another tube for lactose analysis. 
Glucose standards were prepared from purified g-D glucose in 
deionized water. Concentration of 500, 750, 1500 pg/ml were 
made and stored in the freezer at 0° C until needed. 
Samples were analyzed for lactose by coupling together 
two procedures (137 and 175) as follows: to 1 ml of a 
protein-free filtrate was added 0.1 ml of a 0.1 M P04 buffer 
1 
Matheson Co. Inc., East Rutherford, New Jersey 
2 
Glucostat X4, Worthington Biochemical Corp., Freehold, 
New Jersey 
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(pH 7.4) containing g-galactosidasei at a concentration of .0025 
maoles/liter. This was allowed to incubate for one half hour 
in a 37° C water bath. Instead of stopping the g-galactosidase 
reaction at the end of 30 minutes with acid, 
0.5 ml of the galactose oxidase^ mixture was added and al­
lowed to react for an additional 120 minutes. The reaction 
was stopped at this point with 2 drops of 5N HCl. Samples 
were read on a spectrophotometer^ at a wave length of 295 my. 
Absorbance was set at 0 using a water blank with all the 
reagents added. Duplicate samples made from the plasma of a 
Holstein steer were used to correct cow samples for any 
plasma effect on the analysis. Horseradish peroxidose* for 
the system was obtained from Horthington. Two sets of stan­
dards were made. One set was made from galactose at concen­
tration of 25, 50, 75, and 150 vg/ml and another set from 
lactose at concentrations of 50, 100, 150, and 300 yg/ml. 
Standards were stored frozen at Oo C until used. 
Plasma ionic calcium 
Circinatus origin. Miles Laboratory, Kankakee, 
Illinois 
2(55u./mg.) Horthington Biochemical Corp., Freehold, New 
Jersey 
^Gilford model 2000 
*3-4,000 u. peroxidase/mg protein, Horthington 
Biochemical Co., Freehold, New Jersey 
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Ionic calcium determinations were made on plasma of 
blood samples taken at the same time as samples drawn for 
other blood analyses. Samples were taken in glass 
Vacutainer! tubes and centrifuged under the same conditions 
described for other blood samples. To prevent air (CC^) deg­
radation of the samples, they were centrifuged in the 
vacutainers. The vacutainer was placed in a 50 ml plastic 
centrifuge tube filled with enough deionized water to balance 
the weight of the blood sample in the other 50 ml tube. The 
water acted as a cushion to prevent breakage of the smaller 
glass tube. After centrifugation, plasma was extracted 
through the plastic stopper of the vacutainer by means of an 
18 gauge needle attached to a 1 ml tuberculin syringe.2 The 
syringe was capped with parafilm and stored at 4° C until 
analysis was performed. 
Samples were analyzed for ionic calcium with the calcium 
electrode flow through system.3 Samples and standards* were 
IB 3014-1 vacutainer speciman tube. Scientific Products, 
Holine, Illinois 
21 ml tuberculin syringe, plastic, Becton-Dickinson and 
Co., Rutherford, New Jersey 
3f!odel 99-20, Orion Research Inc., Cambridge, 
Massachusetts 
•Standards A,B,C, Orion Research Inc., Cambridge, 
Massachusett s 
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allowed to come to room temperature before analysis was 
started. The procedure described in the operator's manual 
provided by the Orion company was followed for sample deter­
mination (122). 
Parathyroid hormone analysis was performed by personnel 
at the National Animal Disease Laboratory. Samples were 
analyzed in duplicate using the radioimmunoassay technique 
described by Arnaud et al. (g). 
Statistics 
Data points for figures of each of the plasma components 
were obtained from a generated carve over each respective 
time period. The form of the equation used for each curve 
was Y = y+ bih + b^hz; where y represented the least square 
mean, b^ the coefficient for the hour effect and b^ the coef­
ficient for the hourz effect over this period. All real data 
values were submitted for computer analysis to generate the 
mean and the time coefficient for each period. Once the 
means and coefficients were obtained, hourly values were 
picked and inserted into the equation and values for that 
time were generated. 
ffhen generated lines did not coincide in values at the 
common border between two time periods, actual data were used 
to interpolate the best line to connect the two portions of 
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the curve. Whenever a cow was treated, samples for a period 
of 16 hours post-treatment were eliminated from analysis. In 
group 3 cows this eliminated many values from the 0 hour to 
18 hour period and thus dotted lines were used in this por­
tion of the figures. 
An F test was used to determine if there was a 
signigicant time effect on plasma calcium, magnesium, in­
organic phosphorus, and glucose over a given time period. 
The data were broken down so that a cow effect, hour effect, 
and hours effect were pulled from the data to obtain the re­
spective F values. 
Correlation coefficients were determined using the equa­
tion described in Snedecor and Cochran's "Statistical 
Methods" (Iowa State University Press, Ames, Iowa). Signifi­
cance of the correlations were determined by using tables 
from this book. 
Approximately 10,000 actual data values were analyzed 
over this 3-year study. It is hoped that this number of 
values from a frequent sampling schedule at calving would 
give a more true picture of the mineral changes occurring in 
the cow . A minimum of a 4-hour sampling interval would 
seem justified from the results of this study. 
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RESULTS AND DISCUSSION 
Incidence of Milk Fever 
Observations were made on 46 parturitions of 27 animals. 
There were 8 cases of milk fever in the 23 parturitions ob­
served with animals on the wide ratio (6-8:1) diet (34.5% in­
cidence). This compared to 10 milk fever cases in 23 
parturitions with animals on the narrow (1:1) ratio diet 
(43.5% incidence). The low Ca to P ratio diet did not pre­
vent or lower the incidence of milk fever as it did for Boda 
and Cole (11) and Stott (153)-
A number of factors could have contributed to this dif­
ference. First, the level of calcium and phosphorus intakes 
were different in the various experiments even though the 
ratio of calcium to phosphorus was low in all cases. During 
the dry period, Boda and Cole (11) fed a 1:3.3 ratio diet 
which contained only 6 g of calcium and 18 g of phosphorus. 
Cows on this diet had a 0% incidence of milk fever. Our 
narrow ratio diet during the dry period allowed an 
intake of 36 g of calcium and 27 g of phosphorus, meaning our 
narrow calcium diet contained 6 times as much calcium as 
their*s. The experimental diet of Boda and Cole was certain­
ly low enough in calcium to place a calcium stress on the 
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animal. The calcium level in our narrow diet was in excess 
of the 25 g recommended in the NRC bulletin (119) for a 450 
kg mature, pregnant, non-lactating cow. The diet of Boda and 
Cole forced the cow to draw upon bone calcium for foetal 
needs and endogenous calcium losses. This continued stress 
probably increased ?TH release (152, 154) to maintain plasma 
calcium levels; perhaps more important, bone could be made 
responsive to the hormone as suggested by Kronfeld (78). 
Stott (153) reached the narrow Ca:P ratio in yet another 
way- He added large amounts of phosphorus to the concentrate 
mix to narrow the ratio. Daily intakes of calcium and phos­
phorus were 150 g and 162 g, respectively, for high producing 
cows during lacation. This compared to a maximum intake of 
80 g of phosphorus a day during lactation in this study. The 
levels of calcium and phosphorus fed in Stott's experiment 
were certainly adequate for both production and maintenance. 
Thus, his results suggest a ratio effect and not a calcium or 
phosphorus stress. However, results of studies where high 
levels of phosphorus have been fed to ponies indicate an in­
creased bone calcium turnover, decreased calcium absorption, 
and decreased retention of calcium (141). Shelling (144) re­
ported that intact rats eliminated excess dietary phosphorus 
regardless of dietary calcium levels. Numerous studies (85, 
101, 90) indicate that PTH has a phosphataric effect on the 
kidney. Therefore, the excess phosphorus intake of cows in 
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Stott's study could have stimulated PTH production to help 
excrete phosphorus and inadvertently could have prepared the 
bone for a calcium stress. Yet another possibility is that 
enough phosphorus was fed to form insoluble complexes with 
calcium and decrease calcium absorption. However, Hibbs and 
Conrad (62) observed an increase in the calcium balance of 
cows only after enough phosphorus was fed to afford a posi­
tive calcium balance. It may be then that higher quantities 
of phosphorus are needed for optimum utilization of calcium. 
Based upon the results of Kendall et al. (77) and 
Gardner (40), ratios fed in this study may have been too wide 
and too narrow, respectively. Their findings indicate that 
any deviation from a 2.3:1 ratio is conducive to milk fever. 
Gardner (40) observed an 18% incidence in cows with a 1.8:1 
ratio diet and none in a 2.3:1 ratio diet which was only 25% 
different in calcium intake. 
Another factor in the differing results may be that the 
only roughage fed our cows was corn silage. Kendall et al. 
(77), Gardner (40), Stott (153), and Boda and Cole (11) fed 
alfalfa hay or oat straw as roughage. Maybe a difference in 
pH or buffering capacity of the hay could influence absorp­
tion of calcium- The calcium in hay may be less available 
than that of corn silage, causing a change in utilization 
even though the intake is the same. Haag et al. (49) report­
ed lactating cows restricted to alfalfa hay were in a nega-
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tive calcium and phosphorus balance until phosphorus was 
added to the diet. Gardner (41) fed alfalfa only or alfalfa 
and corn silage and observed no milk fever on either diet. 
Another variable is the length of time the preventative 
ration was fed. Boda and Cole fed their diets for varying 
lengths of time prior to calving, but generally for twenty 
days or more. Kendall et al. (77) started cows on the diets 
three weeks prepartum. Gardner (40, 41) does not indicate 
the length of time diets were fed, but only that they were 
fed prepartum. Stott (153) fed his high phosphorus diet 
during the entire lactation period. Thus, cows in his study 
received the experimental diet throughout lactation and the 
dry period before the observed calving. He noted no control 
of milk fever until animals had been fed the diet for at 
least 100 days. Maybe, then, our cows did not receive the 
diet for a sufficient period during the first lactation on a 
particular ration, since they were started 6 weeks prior to 
parturition. Yet, when animals were kept on the different 
ratios all through lactation and observed for the second and 
third parturitions, no control of milk fever was noted. 
The level of grain fed during the dry period may also 
influence the incidence of milk fever (73, 94, 62). A 
"steaming up" ration or increased grain intake has been re­
ported to increase calcium retention. Kendall et al. (77) 
fed grain at the daily rate of 1% of body weight and 
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prevented parturient paresis in the cows which had milk fever 
the previous year while receiving grain at 0.5% of body 
weight. In the present study cows were fed at 0.5% of body 
weight or less. Boda and Cole (11), however, fed only 2.27 
kg of barley per day to cows on the low calcium diet and ob­
served no milk fever. 
There was a 39.155 incidence for all parturitions ob­
served in this study. This agrees with the 34.5% incidence 
in Jersey cattle during a ten year study reported by Curtis 
(24). Boda and Cole (11) noted a 30% incidence of milk fever 
in their control cows on a 6:1 ratio diet. Stott (153), how­
ever, noted a much higher incidence (74%) in a commercial 
Jersey herd. In 1965-66, two years prior to the start of the 
present experiment, the Jersey and Ayrshire cattle in the 
Iowa State dairy herd had a 24% incidence of milk fever. 
Neither of our diets appeared to decrease milk fever, but the 
wide ratio diet did not appear to increase the incidence 
either as suggested by Ender et (32) . 
The 18 cases of milk fever occurred in only 13 animals, 
which indicated the tendency for cows to develop milk fever 
again once they have had it. One cow (J-5338) had milk fever 
all three years she was observed, twice when on a narrow Ca:P 
diet, and once when on a wide ratio diet. Three other cows 
developed milk fever twice; all were on the narrow Ca:P ratio 
diet. Only once did an animal which had milk fever the pre­
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vious year have a normal calving the next parturition ob­
served. Thus, ire certainly did not prevent milk fever once 
the animal had become susceptible. This agrees with Ender et 
al. (32), »ho chose to use animals with past milk fever 
history in their milk fever studies, because they believed 
that once an animal has experienced milk fever it tends to 
contract the disease again. Curtis (24) reported that 50% of 
the milk fever cases they observed were from cows which had 
experienced the condition in a previous lactation. Thus, 
they concluded that preventive measures can only be justified 
when they work on cows with a previous milk fever history. 
The age of the cow affected the incidence of milk fever 
in this study. Seventeen of the eighteen cases of parturient 
paresis occurred in cows that were four years old or over as 
shown in table 6. If only cows greater than four years of 
age are considered, then approximately a 50% incidence of 
milk fever was noted for each diet. These results agree with 
those of Curtis (24) who found that Jerseys were susceptible 
to milk fever by four years of age. Jonssen (72) observed no 
cases of milk fever in first lactation heifers and less than 
a 1% incidence in second lactation animals. Thus, the 
younger cow seems less susceptible to milk fever than the 
older cow, even though both are exposed to identical dietary 
regimes. A physiological difference could exist in younger 
animals whereby the same amount of calcium is absorbed. 
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Table 6. Effect of age on incidence of milk fever 
High calcium diet Low calcium diet 
Age MF No MF MF No MF 
>4years 8 8 9 7 
<4years 0 7 16 
Total 8 15 10 13 
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utilized, and mobilized more efficiently (Hansard et al., 
54). also, the younger cow may be able to mobilize more bone 
calcium at the time of stress than older animals (128, 31). 
Younger cows may be able to respond more quickly to a PTH 
release than older cows and avert the severe hypocalcemia as­
sociated with paresis. Jackson et al. (69), however, found 
no response to a PTH infusion at calving in either first calf 
heifers or older cows, suggesting the target organ (bone) is 
not responsive or the PTH is inactivated by another substance 
at calving time. Maybe the lactational drain at calving was 
high enough to offset any effects of this low level of PTH 
infusion (6 9) . 
another factor may be that the appetite of younger 
animals is more keen at parturition which gives them the ad­
vantage of an uninterrupted supply of gut calcium for this 
critical period. Bamberg (131) implies that the gut calcium 
supply is the critical factor in susceptibility to severe 
parturient paresis. Jonssen's study (72), involving cows on 
different farms in a county of Sweden, indicated younger cows 
seem to be flexible enough to avert parturient paresis under 
many different dietary regimes. 
High milk production has been assumed to be connected 
with milk fever. In the present study milk fever cows aver­
aged, in the previous lactation, 4,166.8 kg of actual milk 
and 220.3 kg of fat, while non-milk fever animals averaged 
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4,051 Jcg milk and 213.8 kg of fat (Appendix k. Tables 1 and 
2). These figures from the lactation prior to the observed 
calving were used because it was felt previous lactational 
drain would affect the cow at the next calving. Actual pro­
duction figures were used rather than mature equivalents be­
cause paper corrections would not result in a greater loss of 
calcium. 
Milk production of younger cows was 545.5 kg less than 
that of cows over 4 years of age (3545.4 kg vs 4090.9 kg). 
Thus, older cows are exposed to a larger calcium drain than 
younger ones. This view is supported by Payne (127) who says 
the loss of calcium and phosphorus in milk increases each 
year up to the fourth lactation. If there is a flaw in bone 
calcium mobilizing ability the older cow would certainly be 
under more stress. Dietary ratios of Ca:P appeared to have 
no effect on the level of milk produced in the present study. 
No attempt was made to measure colostrum production or 
composition. Hibbs et al. (65) observed no difference in 
yield or composition of colostrum between paretic and non-
paretic cows. Thus, if calcium levels—in colostrum were 
assumed to be equal and average milk production was the same 
in this study, it is hard to explain the incidence of milk 
fever on the basis of higher production. This does not elim­
inate the possibility of a calcium pool in the udder which 
may remove calcium from the blood at a faster rate in one cow 
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than the other (Kronfeld and Raaberg, 79) . 
Changes in Plasma Minerals and Glucose 
Cows > four years of age 
Cows were divided into six groups to analyze changes in 
plasma minerals and sugars. Since only one case of milk 
fever was observed in cows less than four years of age, cows 
were placed into groups greater than or less than four years 
old. Wide or narrow Ca:P diet cows greater than four years 
old either did or did not get milk fever, thus making four 
combinations of diet and incidence of the disease: wide 
ratio - milk fever (1), wide ratio - no milk fever (2), 
narrow ratio - milk fever (3), and narrow ratio - no milk 
fever (4). 
Since only one cow had milk fever in cows less than four 
years of age, she was omitted from the analysis, leaving only 
two groups of young cows: wide - no milk fever (5) , and 
narrow - no milk fever (6) . 
Plasma mineral changes in relationship to calving were 
of interest; thus analysis intervals were split at zero time 
(parturition). Other intervals were chosen arbitrarily. 
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based on others' fia dings and the frequency of sampling. 
Frequent sampling and expected changes dictated analysis from 
-U8 hours to calving and calving to +48 hours. Other inter­
vals used were: six weeks prior to calving until two days 
before, two - four days after, three - six days after, six -
ten days after, and ten days postpartum until the end of 
lactation. All segments were analyzed for linear and 
quadratic effect of time on calcium, magnesium, phosphorus 
and glucose values. In addition -48 to 0 and 0 to +48 were 
analyzed for cubic effects of time. 
Plasma total calcium 
-6 weeks to -2 days Calcium during the dry 
period averaged about 10 mg/100 ml for all four groups as 
shown in table 7. These values are similar to calcium levels 
found by others for dry cows (table 1). Calcium values in 
group four appeared stable until approximately 5-8 days prior 
to calving when a significant decrease (P<.01) started 
(Figure 1). Calcium levels declined from the dry period nor­
mal of 10 mg/100 ml to 8.5 - 9-0 mg/100 ml by two days prior 
to calving. 
Cows which did not develop milk fever on a high calcium 
intake (group 2) showed a decrease in calcium early in the 
dry period (P<.01) followed by an increase as parturition ap­
proached. 
-2 days to calving During this period three of 
Table 7, Mean plasma calcium values by time periods. 
-6 wk -2 day Qi 
Group to to to 
-2 day 0 +2 day 
Time 
+2 day +3 day +6 day +10 day 
to to to to 
+H day +6 day +10 day end lact. 
(mg/100 ml) 
1 10. 1 9.1 7.0 7.1 8.8 9.3 9.7 
2 10.0 8.8 7.3 9.0 9.2 9.9 9.8 
3 9.8 7.6 7.3 8.7 9.0 9.2 9. 5 
4 9.9 7.4 7.5 8.8 9. 1 9.0 9.5 
5 9.8 9.4 7.9 9.3 9.4 9.3 9.8 
6 10.3 9.2 9.0 9.9 10.2 10.1 9.8 
1 Parturition = 0 time 
Figure 1. Mean plasma calcium, inorganic phosphorus, and mag­
nesium concentration from 6 weeks to 2 days before 
parturition, (cows > 4 yr) 
1= High calcium MF (Milk fever) 
2= High calcium No-MF 
3= Low calcium MF 
4= Low calcium No-MF 
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the four treatment groups (1, 2, 3) had significant decreases 
in calcium values (P<-01) while group H did not (Figure 2). 
This was expected since the cows in group U had experienced a 
decrease prior to this period. 
The most serious drop in calcium occurred in group 3 
(Figure 2B), approximately 6 mg/100 ml in a 42-hour span. 
The break in the calcium curve of this group occurred 30-36 
hours prepartum (Figure 2B). Consequently cows in this group 
usually required treatment for milk fever before delivery 
could proceed. 
The onset of a plasma calcium decrease was delayed in 
cows receiving the high calcium diet in both milk fever cows 
(Figure 2C) and non-milk fever cows (Figure 2D). Thus, the 
level of calcium supplied to the gut may be important in 
determining the timing of the onset of hypocalcemia. 
Calving to *2 days Soon after calving plasma 
calcium of groups 2, 3, and 4 started to return to normal 
levels (Figure 2). fit 48 hours post-calving these three 
groups all had similar calcium levels of 8-8.5 mg/100 ml. 
Group 1, (high calcium - milk fever (MP), however, reached a 
minimum calcium level 36-48 hours postpartum. Groups 2 and 
4 (non-milk fever groups) had significant quadratic increases 
(P<.05, P<.01) over this period. The group 3 milk fever cows 
had a significant linear increase (P<.01). The period from 0 
to 18 hours postpartum was eliminated from group 3 because so 
Figure 2. Mean plasma calcium levels from 48 hours prepartum 
to 48 hours postpartum. (Cows > 1 yr) See Figure 1 for 
legend. 
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many of the animals were treated at this time, that data were 
left out because of the effect of exogenous Ca administra­
tion. Because of this restriction there were not enough 
points to -justify a plot here. & dotted line has been used 
to connect the two determined parts of the curve (Figure 2B). 
•*•2 days to +4 days During the period from 2 to 
4 days postpartum, all four groups of cows were still 
hypocalcemic (Figure 3) but were increasing in calcium 
values. Milk fever cows, group 1, which had the most delayed 
calcium depression in relation to calving, also had the 
lowest mean calcium value during this period. They reached a 
calcium level of 8 mg/100 ml of plasma by 80 hours postpartum 
while the other three groups had reached 9 mg/100 ml, or 
higher, by this time. Thus, the return of group 1 cows to 
normal was delayed just as was the onset of milk fever. This 
delay in their cycle might be attributable to the diet ; 
i.e., due to a high calcium intake, the calcium "stress" was 
not imposed as soon. 
During this time visual signs of hypocalcemia were 
absent except for a few cows in group 1. In fact, cows were 
returned to the milking herd by 72 hours post-calving when 
possible. From a management standpoint, however, blood 
levels indicate minimizing stress. 
+3 days to +6 days Normal lactation calcium 
values (Figure 3) were attained during this period. Levels 
Figure 3. Mean plasma calcium levels from 2 days postpartum 
to 10 days postpartum. (Cows > U yr) See Figure 1 for 
legend. 
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of 9.5 mq/100 ml or greater were reached in all groups during 
this time span- It appeared that all four groups had reached 
a plateau by 100-120 hours postpartum. The time for calcium 
to return to normal agrees with that reported by Smith et al. 
(150). Hypocalcemia for 3 days to 3 weeks postpartum report­
ed by Little and Wright (85) would not be in accord with our 
data. On the other hand, Jackson et (69) have reported 
cows were normal calcemic by 48 hours. Contrary to the ob­
servation of Greig (46), no period of hypercalcemia was noted 
in the present study. 
Diet may have an effect on the pattern of blood, calcium 
during this period also. High calcium intake cows reached a 
plateau and then leveled off, whereas both low calcium intake 
groups reached a peak and then decreased. This is reflected 
by the quadratic trends (P<.05, P<.01) of cows in groups 3 
and 4( low Ca intake) as compared to linear responses (P<.05, 
P<.01) of cows in groups 1 and 2 (high Ca intake) during this 
period. This would suggest a greater demand on bone calcium 
then, in the cows on a lower calcium intake, and the 
necessity of providing adequate calcium during the first 10 
days postpartum. 
+6 to +10 days By this time the Ca levels of 
all groups of cows were within the normal ranges; no signifi­
cant changes in calcium occurred during this period (Figure 
3). Mean calcium values were lower, however, during this 
98a 
period (Table 7) than during the dry period, indicating that 
the early lactational stress was probably still maintaining a 
mild hypocalcemia. High calcium, non-milk fever cows (group 
2) had significantly higher mean calcium values. This is 
hard to explain unless the high calcium in the diet allows 
for a more positive calcium balance; also this group did 
not develop milk fever. 
+10 days to end of lactation Daring this period 
blood plasma calcium values averaged 9.5 - 10 mg/100 ml 
(Table 7). Calcium means were not significantly different 
between treatment groups, but the two low calcium groups had 
a trend for lower calcium (Figure 4) . Another trend was for 
the two non-milk fever groups to increase in plasma calcium 
by the end of lactation, while the milk fever groups 
decreased with time (P<. 05, Figure 4). This may indicate 
that milk fever cows are putting more calcium into the bone. 
They would be using the bone deposition system and allowing 
the bone resorption mechanism to be dormant. It could also 
be caused by a less favorable calcium balance situation. 
Banston and Payne (94) found that milk fever cows exhibit a 
more negative calcium balance prior to parturition. 
Plasma inorganic phosphorus 
-6 weeks to -2 days Mean plasma inorganic phos­
phorus levels ranged from 5.1-5.7 mg/100 ml (Table 8). These 
values are similar to levels reported by others (35, 1, 58, 
Table 8, Mean plasma phosphorus values by time periofls. 
Time 
-6 wk -2 wk 01 +2 day +3 day +6 day +10 day 
Group to to to to to to to 
-2 day 0 +2 day +1 day +6 day +10 day end lact, 
(mg/1 00 ml) -
1 5.7 5.5 3.5 4.9 5.3 7.1 6.0 
2 5.4 I*.7 U.5 5. 1 5. 0 5.2 5.4 
3 5.1 4. 1 4.1 4.6 4.9 5. 2 5.4 
4 5.2 4. 1 4.7 4.4 4.5 4.9 5.9 
5 5.4 4.6 4.3 5.6 5.6 5.6 5.8 
6 6.0 5.4 6.0 5.7 5.7 5.6 6.1 
* Parturition = 0 time 
Figure 4. Mean plasma calcium, inorganic phosphorus, and 
magnesium levels from 10 days postpartum to the end of 
lactation. (Cows > H yr) See Figure 1 for legend. 
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92) and are indicative of adequate phosphorus intake. Both 
non-milk fever groups showed a slight but non-significant de­
crease (Figure 1) . a sharp decrease in values for group 4 
appeared near the end of this period. The least change oc­
curred in the high calcium milk fever group which may indi­
cate "luxury" consumption of both calcium and phosphorus and 
minimal parathyroid activity. 
-2 days to calving During this period phospho­
rus decreased significantly in groups 1, 2 and 3 (P<.01), but 
did not change in group 4 (Figure 5). This is the same pat­
tern as seen for calcium in that group 4 had an early change 
in calcium and then no significant changes from -2 days until 
calving (Figure 2B). The biggest drop in plasma phosphorus 
occurred in group 3 (narrow ratio-HF). This phosphorus 
change parallels the calcium change in this group. The de­
crease appeared to start at about 36 hours pre-calving 
(Figure 5) . Plasma phosphorus of cows on the two wide ratio 
diets started to decrease at a later time; i.e., approximate­
ly 18-24 hours prior to calving (Figure 5). The start of 
hypophosphatemia agrees with the time of 30 hours prior to 
calving reported by Van Soest and Blosser (164). They also 
reported that phosphorus changes paralleled calcium changes 
which is in accord with observations in the present study. 
The phosphorus decrease could be explained by the effect of 
parathyroid hormone upon phosphorus excretion by the kidney 
Figure 5. Mean plasma inorganic phosphorus levels from 48 
hours prepartum to 48 hours postpartum. {Cows > U yr) See 
Figure 1 for legend. 
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as reported by Mayer et al. (101)- Since a decrease in 
plasma calcium causes an increase in parathyroid hormone 
(PTH), the changes in the plasma phosphorus (Pi) would paral­
lel changes in calcium. 
The lowest levels of Pi reached in milk fever groups was 
1.6 to 2.0 ng/100 ml (Figure 5) and agree with levels report­
ed by others (58, 95, 87). Minimum phosphorus levels of 
3.5-4.0 mg/100 ml were observed in non-milk fever cows 
(Figure 5) . As in the -6 weeks to -2 day period the mean 
plasma Pi value was higher in the group 1 cows (Table 8). 
Calving to *2 days The trend here was for 
inorganic phosphorus to increase except for cows in group 1 
in which the delayed milk fever occurred. This later phos­
phorus decrease in group 1 corresponds to the delayed calcium 
decrease as shown in Figure 2C. Phosphorus tended to in­
crease more gaickly than calcium. Thus we did find a more 
rapid return of Pi tc normal as indicated by Hoodie et al. 
(111) and Harr et al. (95). 
+2 days to +4 days The only significant change 
during this period was that values for group 1 cows first in­
creased and then leveled off by approximately 72 hours 
postpartum (Figure 6). Generally, calcium was still increas­
ing in all groups over this period whereas phosphorus reached 
a plateau, although at a lower level than was observed during 
the dry period (Table 8). This was probably due to the 
Figure 6. Mean plasma inorganic phosphorus levols from 2 
days prepartum to 10 days postpartum. (Cows > U yr) See 
Figure 1 for legend. 
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return of gut motility and increased dietary calcium, thus 
suppressing PTH production. 
+3 days to +6 days Plasma phosphorus did not 
change significantly in any of the groups (Figure 6) . Mean 
plasma Pi values were still below those of the dry period. 
There was a trend here for the wide Ca:P ratio cows (groups 1 
and 2) to have higher, although not significantly greater, 
phosphorus levels {Figure 6) . 
+6 to +10 days No significant changes were 
noted during this period; however, plasma phosphorus values 
increased in the low calcium groups during the 5-7 day period 
as shown in Figure 6. Godden and ftllcroft (43) reported a 
peak 4-5 days post-calving. 
+10 davs to end of lactation Mean inorganic 
phosphorus levels were 5.1-6.0 mg/100 ml during this period. 
There were no significant changes except in group 3 which had 
a guadratic increase from 5.1 mg/100 ml at +10 days to 5.5 
mg/100 ml at the end of lactation (Figure 4). All four 
groups ended lactation at approximately 5.5 mg per 100 ml. 
The lack of a significant time effect on phosphorus would not 
confirm the general increases in phosphorus noted by Dunham 
and Ward (28) during lactation. 
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Plasma magnésium 
-6 weeks to -2 days Mean plasma magnesium 
levels were 2.5 mg/100 ml for all four groups {Table 9) . 
These values are similar to values reported by others (88, 1, 
47). A significant increase occurred in group 3 cows 
(P<.05); group ft cows increased although not significantly 
(Figure 1) . The cows in group 4 had the highest magnesium 
levels at the end of this period which is compatible with the 
low calcium levels noted for this group (Figure 1) at the 
corresponding time. 
-2 days to calving Plasma magnesium increased 
in three groups during this period, but only significantly in 
groups 2 and 3. Group 1 had an increase after calving 
(Fiqars 7), and group 4 had higher levels at the start of 
this 2-day period (Figure 1). The magnesium of group 4 cows 
stayed at 2.7-2.8 mg/100 ml. 
Group 2 (high calcium - no MF) increased to 3.2 mg/100 
ml which is a 28% increase over the dry period magnesium 
levels. This magnesium level agrees with Mayer et a2. (103) 
who observed magnesium values higher than 3.3 mg/100 ml in 32 
parturient cows which did not develop paresis. Maximum mag­
nesium levels of the low calcium milk fever group averaged 
about 3.5 mg/100 ml. Thus, plasma Mg was but little higher 
in milk fever than in non-milk fever animals. However, cer­
tain milk fever cows (J-5465, J-5369) had magnesium values 
Table 9. Mean plasma magnesium values by time periods. 
Time 
-6 wk -2 wk 0^ +2 day +3 day +6 day +10 day 
Group to to to to to to to 
-2 day 0 +2 day day +6 day +10 day end lact. 
(mq/100 ml) 
1 2.5 2. 3 2.9 2.9 2.U 2.8 2.7 
2 2.5 2.9 3.0 2.5 2.4 2.5 2.6 
3 2.5 2, 9 2.7 2.5 2. 3 2. 1 2.5 
1 2.6 2. 8 2.6 2.U 2. 3 2. 3 2.7 
5 2.5 2. 3 2. 8 2. 1 2. 1 2. 2 2.6 
6 2.U 2.3 2.6 2. 1 2. 1 2.4 2.7 
1 Parturition = 0 time 
Figure 7. Mean plasma magnesium levels from 48 hours 
prepartum to 48 hours postpartum. (Cows > U yr) SGG Figure 
1 for legend. 
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equal to or greater than calcium levels prior to treatment. 
The start of hypermagnesemia was later in milk fever 
cows (12-14 hours prepartum) than non-milk fever cows (Figure 
7A and 7B). Hoodie et al. (Ill) reported magnesium started 
to increase 12 hours before calving. Magnesium increased 
about 30 hours prepartum in group 2 cows and 3 days prepartum 
in group 4. 
Calving to +2 days After calving, mean plasma 
magnesium remained elevated, in comparison to dry period 
levels, in all four groups. The high calcium milk fever cows 
(group 1) continued to increase during this time and reached 
a peak at 36 hours postpartum. Cows which exhibited the 
strong increase in magnesium before calving decreased but not 
significantly, while the low calcium non-milk fever group 
(Group ti) decreased significantly and was below dry period 
levels by U8 hours postpartum (Fig 7D). Thus, the return to 
normal magnesium levels is.slower than for phosphorus and may 
relate more to the time scale of calcium. Also, plasma mag­
nesium increased in all four groups indicating that milk 
fever is not a prerequisite to get the increase in magnesium, 
which disagrees with the reports of Hayden (58), and Seekles 
(143). As with calcium and phosphorus, milder changes 
do occur when there is no evidence of paresis; and magnesium 
levels usually are slightly elevated at calving. This would 
indicate milk fever treatments need not contain magnesium 
114 
as part of the solution given since hypermagnesemia is proba­
bly already present. 
*2 days to days Groups 1, 2, and 3 returned 
to precalving levels by 80-90 hours postpartum (Figure 8). 
Changes were significant in the two high calcium groups. 
Cows in group 4 were slightly hypomagnesemic, which say be 
the same phenomenon observed by Allcroft and Godden (2) . 
+3 days to +6 days A period of slight 
hypomagnesemia could be seen in all groups from 4-6 days 
postpartum (Figure 8). Allcroft and Godden (2) noted this in 
parturient cows and Halse (53) observed this hypomagnesemic 
phase in cows which were starved for 48 hours. This slight 
hypomagnesezaia might be explained by an increased loss in the 
milk. It could also be possible that increased appetite and 
feed consumption have caused an increased supply of calcium 
from the gut, which would cause a brief PTH shut off, and 
thus magnesium would not be conserved by the kidney, result­
ing in an overresponse. 
•6 to +10 days Average magnesium values here 
were different for cows on the high calcium intake as com­
pared to cows on the low calcium diets. Levels of cows on 
the wide Ca:P ratio were higher during this period, while 
those of cows on the narrow Ca:P ratio were below normal mag­
nesium levels observed prior to calving. This may indicate a 
delayed activation of the calcium mobilizing mechanism in 
Figure 8. Mean plasma magnesium levels from 2 days, 
postpartum to 10 days postpartum. (Cows > 4 yr) See Figure 
1 for legend. 
6 10 
TIME POSTPARTUM (days) 
117 
cows with a high calcium intake. The parathyroids would be 
more active and maybe also regulating magnesium at high 
levels. It appeared that magnesium values had returned to 
approximately 2.25-2.5 mg/100 ml fay 10 days postpartum 
(Figure 8) . 
after calvinq to the end of lactation mean magnesium values 
were essentially the same in all four groups. No linear 
changes were noted in any of the groups, but quadratic in-
. creases occurred in the group U cows during mid-lactation and 
then levels returned to normal by the end of the lactation 
(Figure 4) . Group 1 also had a significant quadratic de­
crease with time. This may be due to the high calcium intake 
of this group and decreased PTH output with lactation. An­
other possibility might be the time periods we have chosen. 
The group 1 cows were still showing a decrease in plasma mag­
nesium values during the weekly samples or at the first part 
of this analysis interval. This may have effected the rest 
of the curve. 
approximately 55-60 mg/100 ml during this 6 week dry period 
(Figure 9) . This compares with levels reported by others 
(57, 139). There were no significant changes in groups 1, 2, 
and 3 as shown in Figure 9, but the low calcium - non-milk 
+10 days-to end of lactation From ten days 
-6 weeks to -2 days Plasma glucose levels were 
Figure 9, Mean plasma glucose levels from 5 weeks to 2 days 
prepartum. (Cows > 4 yr) See Figure 1 for legend. 
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fever cows (Group 4) had a quadratic change which was signif­
icant (P<. 10). Possibly if calcium is involved in regulating 
insulin release, as suggested by Littledike et al. (88) , then 
the early calcium changes noted in group 4 cows could account 
for the earlier mild increase in glucose in these cows. The 
increase started 8 to 10 days prior to calving and reached 65 
mg/100 ml at the end of this period (2 days before calving). 
all cows were receiving adequate energy during this period 
which would make differences in intake seem unlikely to ac­
count for the increased glucose levels of group 4. 
-2 days to calving During this period all 
groups of cows* plasma glucose levels increased (Figure 10). 
Increases were linear over this period except for group 3 
which had a quadratic increase. This increase at calving 
even in non-milk fever cows is probably due to stress of 
calving as suggested by Surve (157). The glucose increase 
appears to begin approximately 24 hours before calving except 
in group 4. This agrees with Auger (7) and Merrill and Smith 
(110) who noted glucose increased 1 to 2 days prior to 
calving. 
Glucose had increased by as much as 40 mg/100 ml in 
group 2 (Figure 10A) and reached 95-100 mg/100 ml at calving. 
Individual values of 120 mg/100 ml were noted in serious 
milk fever cases (Appendix B). It would appear, then, that 
extra glucose is not needed in the treatment for milk fever 
Figure 10. Mean plasma glucose levels from 48 hours 
prepartum to 48 hours postpartum. (Cows > 4 yr) See Figure 
1 for legend. 
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since hyperglycemia is present in both milk fever and also 
non-paretic cows at parturition. 
Calving to +2 days After calving, the two non-
milk fever groups rapidly returned to normal glucose values 
(Figure 10D) . By 12 to 18 hours after calving, levels of 60 
mg/100 ml or less were found. The cubic effect was signifi­
cant for glucose in these two groups. Thus, by 24-36 hours 
postpartum, glucose had leveled off and was at or below 
levels observed prior to calving. The slope of the glucose 
curve appeared steeper after calving than before. This may 
be because the samples taken after calving were closer to the 
exact hour of parturition since the exact hour could not be 
predicted prior to calving. Another possible explanation may 
be that increased release of adrenalin by the adrenal glands 
and other stress responses are elevated starting with labor 
and remain elevated several hours prior to calving and then 
returns to normal rather quickly once the foetus is expelled. 
Dotted lines were used here to connect prepartum and 
postpartum mean value curves and give smooth transition be­
tween time period curves generated by the computer. 
In the group 1 milk fever cows a different trend was 
seen (Figure IOC). Cows in this group showed an increase at 
calving and another increase later when milk fever occurred. 
Thus, two glucose peaks were seen in cows where calving was 
separated appreciably from milk fever. In group 3, milk 
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fever occurred near to calving, and no double increase in 
glucose occurred. In fact, since calcium treatment was given 
close to calving, the glucose may have decreased more rapidly 
than in those cows which did not develop milk fever. Howev­
er, this portion of the curve was omitted because treatment 
of these cows would result in misleading data. Eighteen 
hours postpartum, the glucose levels of these cows were simi­
lar to those of the non-milk fever cows, 
+2 days to +4 days No significant changes were 
noted in this time period for any of the groups. However, 
group 1 had higher glucose values as shown in Figure 11. 
This was probably due to the later occurrence of milk fever 
in this group. A dotted line has been used to represent data 
from group 1 for the 2-3 day portion of this curve since 
there were not enough samples to justify a plot here. The 
other three groups were egual to or below dry period levels. 
Thus glucose would appear to return to normal more quickly 
than minerals except in the case of delayed milk fever as in 
group 1. Merrill and Smith (110) observed a normal blood 
glucose on the second day postpartum. Littledike et al. (88) 
reported glucose levels equal to those of dry cows by 12-48 
hours postpartum. 
+3 days to +6 days During this period the two 
milk fever groups showed a significant change (Figure 11). 
They increased during the six day period. No explanation is 
Figure 11. Mean plasma glucose levels from 2 days postpartum 
to 10 days postpartum. (Cows > 4 yr) See Figure 1 for 
legend. 
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apparent except that Van Soest and Blosser (164) noted 
glucose plummeted to very low values after treatment and then 
rose again. 
+6 to +10 days Normal glucose levels were ob­
served in this period. Group 1 exhibited a significant de­
crease in glucose in this period. Mineral levels of group 1 
were normal by this period so it is hard to explain unless 
heavy lactation started later in this group and mild ketosis 
was seen. 
+10 days to end of lactation Glucose values in­
creased significantly during lactation in all groups (Figure 
12) ; approximately 50 mg/100 ml at 10 days postpartum to 60 
mg/100 ml at the end of lactation. This increase would prob­
ably reflect a decreased energy output in milk and sufficient 
dietary energy to maintain normal glucose levels. 
Cows < four years of age 
Plasma total calcium 
- 6 weeks to - 2 days No significant changes 
were noted for either group during this period (Figure 13). 
Plasma calcium values were higher in the narrow Ca:P ratio 
cows (group 6) although not significantly so. Contrary to 
the observation of Meigs and Blatherwick (109), mean plasma 
Figure 12. Mean plasma glucose levels from 10 days 
postpartum to the end of lactation. (Cows > 4 yr) See 
Figure 1 for legend. 
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calcium values were not higher daring the dry period for the 
younger cows than for the older cows in this study, 
-2 days to calving Both groups of cows had sig­
nificant decreases in plasma calcium during this period. 
However, as vas seen in the older cows, young cows on the 
narrow Ca;P ratio appeared to reach a minimum and then start 
to return to normal earlier (Figure ISA). Plasma calcium of 
cows in this group had leveled off by calving, while that of 
group 5 cows were still decreasing at calving. The start of 
hypocalcemia at 1-2 days prepartum in group 5 agrees with the 
time of onset of calcium decrease reported by others (111, 
43, 164). Group 6, however, did not start to decrease until 
12-18 hours prepartum. a.11 of these observations indicate 
that the higher the calcium intake, the later the animal de­
velops stress and the less time is available to activate cal­
cium mobilizing mechanisms and the more dependent the animal 
is on the gut source of calcium. 
Calving to +2 days During this period plasma 
calcium of cows on the narrow Ca:P ratio remained higher than 
that of cows on the wide Ca:P ratio (Figure 14A). Minimum 
calcium levels were approximately 8.5 mg/100 ml and 7.5 
mg/100 ml, respectively, for the two groups. The 1 mg/100 ml 
change in group 6 cows agrees with Hoodie et al. (Ill) who 
found an average change similar to this in first and second 
lactation animals. Jackson et al. (69) also noted a milder 
Figure 14. Mean plasma calcium, 
slum and glucose values from 48 
postpartum. (Cows < U yr) See 
inorganic phosphorus, magne-
hours prepartum to 48 hours 
Figure 13 for legend. 
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hypocalcemia in first calf heifers. Group 5 cows thus exhib­
ited a decrease more typical of older cows (102, 69, 88) . 
The extra dietary calcium, then, did not minimize 
hypocalcemia but tended to accentuate it. 
*2 days to +4 days Plasma calcium was still 
increasing in both groups during this period (Figure 15) ; but 
only significantly in group 5, which was increasing due to 
the later and more severe calcium drop seen in this group. 
Group 6 had a higher mean calcium during this period. 
+3 days to +6 days Both groups of cows 
reached a plateau in plasma calcium during this period 
(Figure 15). It appeared that the two groups returned to a 
steady level of calcium by 80-100 hours post-calving. This 
is some 20-UO hours earlier than observed in older cows 
(Figure 3). Thus, three days would seem a minimum for normal 
calcium levels to return even in younger cows. 
Both groups egualed their dry period calcium levels 
during this period. The lower calcium intake cows had a 
higher plasma level. This is different than the trend in 
older cows. Perhaps the older cows can not mobilize as ef­
fectively the calcium needed to meet early lactation stress 
and are thus more affected during this period. 
*6 days to +10 days No significant changes oc­
curred during this period. As in the previous period the low 
calcium cows had the higher mean calcium values. It appeared 
Figure 15. Mean plasma calcium, inorganic phosphorus, and 
magnesium from 2 days postpartum to 10 days postpartum. 
(Cows < 4 yr) See Figure 13 for legend. 
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the high calcium cows were still hypocalcemic daring this 
4-day span. 
+10 days to end of lactation During this 
period calcium means were equal at approximately 9.8 mg/100 
ml. Group 5 cows had a significant linear increase with time 
(Figure 16), while low calcium cows had no change. In con­
trast, Dunham and Ward (28) observed that cows on a 1:1 Ca:P 
ratio had higher plasma Ca than cows on a 2.3:1 ratio. 
Plasma inorganic phosphorus 
-6 weeks to -2 days Group 5 cows had the 
higher mean inorganic phosphorus (Pi) levels during this 
period. There was a significant linear decrease in inorganic 
phosphorus of cows in group 5 (Figure 13). This is difficult 
to explain since the cows were not being stressed with a low 
calcium diet. Plasma phosphorus levels were not appreciably 
different from those in the older cows on this experiment. 
-2 days to calving Quite a noticeable differ­
ence was observed during this period. As seen in Figure 14B 
group 6 had an earlier and smaller drop in phosphorus levels. 
This agrees with the milder calcium change in this group. 
Group 5 had a significant decrease over this period, approxi­
mately 20% or 1 mg/100 ml. The level of 4 mg/100 ml reached 
by this group agrees with the level found in first and second 
lactation cows by Hoodie et (111). Hanston (93) noted 
that non-milk fever cows fed a high calcium diet tended to 
Figure 16. Mean plasma calcium, inorganic phosphorus, and 
magnesium from 10 days postpartum to the end of lactation. 
(Cows < yr) See Figure 13 for legend. 
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have lower blood Pi levels. The phosphorus decline started 
about 24 hours prepartum in group 6 and had reached a minimum 
by calving. The decline in group 5 cows started after 
calving. 
Calving to +2 days &s in the previous period, 
there was no significant change in plasma inorganic phospho­
rus in cows in group 6; however, there was some increase 
(Figure 14). Inorganic phosphorus values for group 5 cows 
increased significantly and were back to a level of 5 mg/100 
ml by 48 hours postpartum. Phosphorus returned to normal 
more quickly than did calcium as has been reported by others 
(29, 84). This was more evident in the young cow than in 
older cows where Pi more nearly paralleled calcium. 
+2 days to +4 days There were no significant 
changes in either group during this period (Figure 15). The 
mean Pi value was 5.6 mg/100 ml for both groups. 
+3 days to +6 days There were no significant 
changes during this time period (Figure 15). Both groups had 
very similar levels, which corresponds with a steady level of 
calcium by this time. 
+6 days to +10 days Both groups increased sig­
nificantly in a linear fashion (Figure 15). The Pi increase 
during this time was similar to Pi changes noted in the low 
calcium group of older cows during this same time period. It 
may indicate that a final decrease in PTH levels has occurred 
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or that calcium and phosphorus intake in the diet has maxi­
mized. 
+10 days to end of lactation Both groups had a 
mean plasma Pi level of approximately 6.0 mg/100 ml during 
lactation. No significant changes with time were noted 
(Figure 16) . 
Plasma magnesium 
-6 weeks to -2 days Mean plasma magnesium 
levels were similar in both groups. However, the low calcium 
group had a significant linear decrease with time (Figure 
13). The Mg levels of 2.5 mg/100 ml are similar to levels 
found in the older cows observed in this study during the dry 
period. 
-2 days to calving Both groups had a signifi­
cant increase in plasma magnesium during this interval and 
started to increase at approximately 36 hours prepartum 
(Figure 14D). Since both groups increased in magnesium, our 
findings disagree with Jackson et al. (69) who report no 
change in the blood Mg of first calf heifers. Our results 
confirm those of Hoodie et al. (Ill) who reported an increase 
in plasma Mg in cows of all ages. Plasma magnesium in both 
groups increased to only 2.5 mg/100 ml, which is mild com­
pared to changes in the older cows. 
Calving to +2 days Plasma Mg started to de­
crease approximately 24 hours postpartum in group 6 (Figure 
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14D). Group 5 was still increasing at this time. & slower 
return to normal agrees with our results in the older cows 
where magnesium tended to follow the time schedule of calcium 
changes more closely than phosphorus. The delayed rise in 
magnesium of group 5 during this period agrees with the cal­
cium and Pi data of these animals. 
+2 days to +4 days From 2 to 4 days postpartum 
plasma Hg levels were below dry period levels in both groups. 
(Figure 15). This period of hypomagnesemia is similar to 
that observed by Allcroft and Godden (2). It was also seen 
in the older animals in this study. Group 6 had a signifi­
cant change during this period and decreased to levels below 
2 mg/100 ml. 
+3 to +6 days No significant change with time 
was noted in either group (Figure 15). Low magnesium levels 
were noted in both groups, with group 6 having a mean value 
of 1.8 mg/100 ml. 
+6 days to +10 days Magnesium levels increased 
significantly in group 6; by ten days postpartum the level 
was egual to dry period magnesium levels. This increase in 
magnesium after the few days of hypomagnesemia may be due to 
an increased mobilization of bone magnesium. Another possi­
bility could be an increased amount of feed intake thus in­
creasing magnesium intake. 
+10 days to end of lactation No changes were 
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noted in plasma magnesium during lactation (Figure 16). Mean 
values were comparable to those during the dry period and 
were similar to those levels observed with older cows. 
Plasma glucose 
-6 weeks to -2 days Blood plasma glucose 
remained relatively constant in group 5 cows during the dry 
period, while a significant increase in glucose occurred in 
group 6 animals (Figure 17), starting about 8 days prior to 
calving. Surve (157) indicated that younger cows and heifers 
have more stress, as indicated by a greater glucose increase 
at calving, which may be the case in these cows. However, 
glucose levels of 59-64 mg/100 ml were similar to those found 
in the older cows during the dry period. 
-2 days to calving Group 6 cows* plasma glucose 
was higher at the start of this period (Figure 14). Both 
groups had significant linear increases during this period 
with a peak of 85-90 mg/100 ml at calving. The same trend 
existed in the older low calcium cows. Levels reached here 
are comparable to those observed in the non-milk fever older 
animals. Glucose levels appeared to be elevated earlier in 
these young cows than in the older ones. 
Calving to +2 days &s observed with older cows, 
plasma glucose decreased rapidly postcalving. levels of 
50-55 mg/100 ml were reached by 24 hours after parturition. 
Cows on the high calcium diet returned to normal glucose 
Figure 17. Mean plasma glucose 
to 2 days prepartum. (Cows < U 
legend. 
values from 6 weeks prepartum 
yr) See Figure 13 for 
PLASMA GLUCOSE CONC. (mg/lOOml) 
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values somewhat more slowly than those on the low calcium 
diet. This could be explained by this group's extended Ca 
depression. 
+2 days to +4 days No significant changes oc­
curred in this interval (Figure 12). Both groups of animals 
had similar glucose values. 
+3 days to +6  days Again no significant changes 
were observed during this period in either group {Figure 18) . 
Mean plasma glucose values of the two groups were similar. 
+6 to +10 days There were significant decreases 
in either group during this period (Figure 18). 
+10 days to end of lactation No significant 
changes occurred with time in either group. However, cows in 
the high calcium group had the higher mean glucose values and 
tended to decrease in mid-lactation, while group 6 increased 
with time. Mean glucose values were approximately 55 mg/100 
ml by the end of lactation for both treatment groups. 
Figures 19-24 illustrate the changes in the parameters, 
described in the previous sections, in relation to one anoth­
er. The times illustrated are from 9 days prepartum to 9 
days postpartum-
Figure 18. Heaii plasma glucose from 2 days postpartum to 
days postpartum. (Cows < 4 yr) See Figure 13 for legend. 
6 
TIME POSTPARTUM (days) 
Figure 19. Mean plasma calcium, inorganic phosphorus, magne­
sium, and glucose within + or - 9 days of parturition. 
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Figure 20. Mean plasma calcium, inorganic phosphorus, magne­
sium, and glucose within + or - 9 days of parturition. 
Group 2= High calcium No-MF ( > 4 yr) 
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Figure 21. Mean plasma calcium, 
slum, and glucose within + or -
Group 3= Low 
inorganic phosphorus, magne-
days of parturition. 
calcium MF ( > 4 yr) 
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Figure 22. Mean plasma calcium, 
slum, and glucose within + or -
Group 4= Low 
inorganic phosphorus, magne-
days of parturition. 
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Figure 23. Mean plasma calcium, inorganic phosphorus, magne­
sium, and glucose within + or - 9 days of parturition. 
Group 5= High calcium No MF ( < U yr) 
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Figure 24. Mean plasma calcium, inorganic phosphorus, magne­
sium, and glucose within + or - 9 days of parturition. 
Group 6= Low calcium No HF { < 4 yr) 
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Ionic Calcium 
Ionized calcium was determined in 15 cows daring the 
last 1 1/2 years of the experiment. It was decided to meas­
ure ionic Ca to determine if there was a difference in the 
percentage of ionized Ca between milk fever and non-milk 
fever cows either during normocalcemia or periods of 
hypocalcemia. There were at least four cows observed in 
each group except for group 3 which had only two cows 
observed. Because of the difficulty in obtaining samples for 
the ionic calcium determination with a jugular puncture, most 
samples were collected during the times cows were fitted with 
cannulas. Therefore, most samples for ionic calcium were ob­
tained from 4 days prepartum to 5-7 days postpartum. 
Table 10 presents the means, variances, and correlations 
of total calcium and ionic calcium. The correlations are 
quite high in all groups but are highest in the two milk 
fever groups. This may be due to the more drastic calcium 
depression in milk fever cows, which would make the errors 
made in measuring both parameters seem smaller when compared 
to the milder calcium changes in non-milk fever cows. Values 
from milk fever animals were omitted from analysis for 16 
hoars after treatment. 
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Table 10. Means, variances, and correlations of total calcium 
and ionic calcium 
Total Ca 
Group a.f. T S2 
(mg/100 ml) 
1 89 8.5 5.8 
2 149 8.6 1.3 
3 28 6.8 3.4 
4 123 8.5 0.9 
Pooled 2.4 
Ionic Ca Corr. coef. 
7 S2 r 
{mg/100 ml) 
3.4 0.6 .86 
4.0 0.1 .51 
2.2 0.4 .92 
3.8 0.1 .49 
0-2 .75 
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The pooled correlation for all groups is 0.75. Thus, Rz 
of the variation (.75)2, or 56% of the variance in the calci­
um can be explained by ionic calcium changes. The close re­
lationship between total and ionic calcium can be seen 
clearly in Figures 25 and 26. Here total calcium is repre­
sented at 1/2 the scale of the ionic calcium and total and 
ionic changes appear of the same magnitude. 
The percentage of ionized calcium did not change 
drastically after treatment, even though enough calcium was 
given to increase plasma total calcium to high levels (16 
mg/100 ml) as shown in Figure 25. &t this time, the ionic Ca 
concentration was 6.2 mg/100 ml or 3955 of the total calcium 
in this cow. A similar trend was shown every time a cow was 
treated (Figure 25). This finding is similar to that of 
Smith and Sternberger (148) with dogs. They observed that 
the percentage of ionized calcium remained constant when dogs 
were injected with calcium salts. This observation disagrees 
with human studies, where Moore (113) found no correlation 
between total calcium and the ionized fraction. 
The fact that the cow can bind extra calcium after a 
large dose of exogenous calcium suggests that the plasma pro­
teins are not saturated and can bind more calcium if needed. 
Thus, if the thyroid gland responds only to ionized calcium 
this would suggest giving calcium in a more bound form for 
treatment because the ionized calcium fraction would not in-
Figure 25. Actual data plot of total and ionic calcium of 
milk fever cow. (T= treatment) 
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crease so drastically and cause a release of thyrocalcitonin. 
A possible way to do this might be to complex calcium with 
albumin or other soluble protein and administer it at a low 
dose rate, along with a limited amount of a 
calciumborogluconate solution. 
In non-milk fever cows ionic calcium changes represented 
approximately 35-40% of the total calcium changes. Calcium 
changes of a non-milk fever cow are illustrated in Figure 26. 
The percentages of ionic calcium at the lowest calcium values 
of this cow (5892) was 35%. This compares to values of 
33-36% during normocalcemic periods in this animal. Thus 
changes in the percentage of ionic calcium seem minimal in 
non-milk fever animals also. To compare the percentage 
change in each group of cows between hypocalcemic and 
normalcalcemic periods, all total and ionic calcium values 
were grouped into one of three categories: prepartum normal, 
hypocalcemic, and postpartum normal. These individual cow 
and average group changes are shown in Table 11. Ionic cal­
cium percentage during hypocalcemia was equal to or slightly 
greater than that during normocalcemia in all four groups. 
Ionic calcium made up approximately 40% of the total calcium 
in all groups except group 3 which is the low Ca-MF group. 
Not many values from the period of normocalcemia were deter­
mined in this group so comparison is probably not valid here. 
There appears to be a trend for the non-milk fever groups to 
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Table 11. Percentage of ionized calcium during 
normal calcium levels and hypocalcemia 
Group Cow no. 
Normal 
prepartum Hypocalcemia 
Normal 
postpartum 
-95lonic Ca-
1 
1 
1 
1 
5335 
5338 
575 6 
5300 
(13) 45.6 
(1) 32.0 
(16) 36.6 
(9) 60.3 
(8) 50.4 
(6) 32.5 
(19) 35.3 
(5) 41.6 
(6) 38.5 
(3) 37.0 
(3) 36.0 
Average 40.3 43.1 38.7 
2 5892 (2) 35.5 (17) 39.3 (4) 32.7 
2 5788 (1) 39.0 (15) 44.9 (4) 40.7 
2 5986 (23) 50.3 (19) 60.2 (2) 53.0 
2 5657 (4) 43.0 (15) 45.7 (7) 35.8 
2 5795 (2) 45.0 (29) 52. 1 (5) 40.2 
Average 47.7 48.9 38.7 
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Table 11. (continued) 
Normal Normal 
Group Cow no. prepartum Hypocalcemia postpartum 
%Ionic Ca-
3 5749 (2) 27.5 (13) 31.2 
3 5369 (1) 35.0 (12) 33.7 (3) 36.7 
Average 30.0 32.4 36.7 
4 5930 (11) 45.4 (21) 49.6 (6) 43.2 
4 5853 (2) 40.0 (7) 42.9 (8) 41.5 
4 5792 (1) 37.0 (20) 53.6 (6) 43.7 
4 5467 (4) 37.5 (33) 43.3 (4) 40.2 
Average 42.6 46.1 42.3 
: Number of observations 
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have a lower percentage of ionic calcium whether on a wide or 
narrow Ca:P ratio diet. 
From these limited data, it appears that ionic calcium 
is lower in milk fever cows than non-milk fever ones when 
expressed on an absolute basis, but where ionic calcium is 
expressed as a percentage of total calcium they are similar. 
Also, within any animal the percentage of ionic calcium does 
not decrease during periods of hypocalcemia, whether it is 
severe or mild. 
Lactose 
Lactose or milk sugar is not a normal component of blood 
bat has been reported in blood at parturition (57, 7). It 
was measured in this study to determine if, perhaps, it was 
associated with the degree of hypocalcemia. The correlation 
coefficients of calcium and lactose are shown in Table 12. 
Calcium and lactose were negatively correlated in all groups. 
It appeared that there was a higher negative correlation in 
the low calcium groups. This could be explained by the fact 
that the onset of hypocalcemia in the low calcium groups 
coincided more closely with udder filling and time of 
calving. The high calcium cows did not show severe 
hypocalcemia until later. Also, more samples were obtained 
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Table 12. Means, variances, and correlations of 
calcium and lactose 
Total Ca Lactose Corr. coef. 
Group d.f. F S2 X sz r 
(mg/100 ml) (mg/100 ml) 
1 61 8.3 5.6 4.2 12.% -.52 
2 2U6 8. 9 1.9 6.7 18.6 -.36 
3 36 9.3 1.6 3.8 15.4 -.72 
4 35 7.9 1.8 6.6 22.6 -.72 
Pooled 2.5 17.7 -.43 
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from cows as lactation progressed in groups 1 and 2. 
It appears that blood lactose was lower in milk fever 
cows on both diets. However, as in previous analyses, values 
obtained within 16 hours were omitted for this analyses. 
Thus, seme of the higher lactose post-treatment values were 
omitted, which would lower the means in these groups. 
The onset of measureable lactose in the plasma occurred 
during the 5-day period prepartum as seen in Figures 27 and 
28. The appearance of lactose in plasma probably correlated 
with the increase in milk secretion and intramammary 
pressure, although no visual or written records of udder 
swelling were kept in this study. Large increases were seen 
on the day of calving and concentrations of 10-15 mg/100 ml 
were noted. These levels were lower than those observed by 
Kendall et al. (74). They reported levels of 30 mg/100 ml, 
which seem high, but this may be due to the different proce­
dures used to measure the parameter. Kuhn and Linzell (81) 
found levels of 1.5 mg/100 ml in lactating goats. 
An example of the typical lactose levels in a non-milk 
fever cow is shown in Figure 28. The increase at calving was 
seen, which decreased to low levels by 5-7 days postpartum 
and then remained at low levels during lactation. These low 
levels of 1-2 mg/100 ml seen during lactation agree with a 
level of 1.8 mg/100 ml found in goats by Kuhn and Linzell 
( 8 1 ) .  
Figure 27. Comparison of lactose and calcium values in milk 
fever cow. (T= treatment) 
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In one milk fever cow (Figure 27) , lactose levels 
decreased as the cov became more hypocalcemic and then in­
creased again as calcium increased. This might suggest that 
during hypocalcemia milk synthesis is slowed down. However, 
this was not seen in three other milk fever cows» 
Even though calcium and lactose were negatively corre­
lated in this study no definite conclusions can be reached as 
to the relationship of lactose levels and milk fever except 
that they appear to be elevated in both milk fever and non-
milk fever cows. 
Parathyroid Hormone 
Parathyroid insufficiency has been considered for nearly 
50 years, as one of the causes of milk fever. In 19 25, 
Little and Bright (85) proposed that parathyroid output was 
not sufficient to maintain normal blood calcium levels. More 
recently, however, Mayer et al. (107) observed that plasma 
PTH is inversely related to plasma calcium in both normal 
parturient and milk fever cows. Thus, with some controversy 
still remaining over the role of PTH it was analyzed in this 
study to further investigate its changes at parturition. 
Blood plasma samples from four cows were analyzed for 
PTH, and mineral levels. Two became paretic, (low Ca diet) 
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and two were normal parturient cows (high Ca diet). Despite 
only mild hypocalcemia in cow 5657 (Figure 29), there was a 
sharp increase in PTH, a sharp decrease in Pi, and a mild 
hypermagnesemia. PTH did not increase much until the calcium 
declined at a rapid rate. When the trend reversed, i.e., and 
calcium started to increase, PTH decreased to low levels. By 
4 to 6 days postpartum, levels of PTH were almost undetect­
able. 
Cow 5335 (Figure 30) developed more severe hypocalcemia, 
but did not require treatment for milk fever, â more 
sustained PTH release occurred at parturition and lasted 
almost 24 hours. As in the previous case, PTH concentration 
started to decrease when calcium concentration stabilized and 
started to increase. PTH levels did not drop to as low 
levels by 4 days postpartum as in the previous cow. 
In milk fever cows a close negative relationship was ob­
served between PTH and inorganic phosphorus, and a strong 
positive correlation was observed between PTH and magnesium, 
is shown in Figure 31 both calcium and inorganic phosphorus 
change in the opposite direction of PTH concentration in re­
sponse to treatment with a solution containing only calcium. 
This would suggest that phosphorus changes are being mediated 
by PTH levels. Figure 32 shows the magnesium response in 
this same animal to a treatment involving only calcium. Here 
Hg is positively correlated with PTH levels and decreases 
Figure 29. Parathyroid hormone, calcium, inorganic phosoho-
rus, and magnesium changes in non-milk fever cow. 
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Figure 30. Parathyroid hormone, calcium, inorganic phospho­
rus, and magnesium changes in non-milk fever cow. 
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Figure 31. Parathyroid hormone, calcium, and inorganic phos­
phorus changes in milk fever cow. (T= treatment) 
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after each treatment. These data again suggest a close in­
volvement of PTH in controlling Mg levels in the milk fever 
cow. 
Correlation coefficients of mineral interrelationships 
are shown in Table 13. There were no significant correlation 
coefficients during the -11 to -3 day period. From -50 hours 
to 0 hour the correlation of calcium with both Pi and Mg was 
statistically significant. If one assumes PTH is responding 
to calcium levels as suggested by Sherwood et al. (145) and 
PTH in turn affects Fi and Mg, this would explain their close 
correlation. After parturition (0 to +50 hours), correlation 
coefficients involving calcium were not statistically signifi­
cant, probably due to the wide fluctuations in plasma Ca with 
treatment. Post-treatment data were not omitted for 16 hours 
as in previous analyses. From 3-7 days postpartum ?i and Mg 
were negatively correlated (P < 0.05). 
Parathyroid hormone was negatively correlated with cal­
cium during all time periods (Table 14) . From -50 to +50 
hours PTH was negatively correlated with Pi (P < .0 1) and 
positively correlated with Mg (P < .01, P < .05). The high 
degree of correlation at parturition may be indicative of the 
important role of hormonal regulation at this time as sug­
gested by Mayer (99)- This hormonal control is more impor­
tant if the cow becomes more dependent on bone Ca, Mg, and P 
during periods of gut stasis at parturition. The fact that 
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Table 13. Correlation of plasma minerals (Ca, Mg, Pi) 
Time Ca-Kg Ca-Pi 
-11 to -3 days -.09 .30 
-50 to 0 hr -.45** 
0 to 50 hr -.25 .26 
3 to 7 days -.OU .15 
*=Significant at P < 0.05 
**=Significant at P < 0.01 
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Table 1i}« Correlation of PTH and minerals 
Time PTH-Ca PTn-flg PTH-? 
-11 to -3 days -.56** .37 -.06 
-50 to 0 hr -.58** .47** -.49 
0 to 50 hr -.66** ,31* -.45 
3 to 7 days -.71** .14 -.44 
*=Significant at P < 0.05 
**=Significant at P < 0.01 
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Pi and Mg changes occur simultaneously with Ca could be ex­
plained as secondary effects of PTH on these two minerals. 
Data from this experiment support Sherwood et al. (145) 
and Mayer et al. (107) in that calcium and PTH are inversely 
related. Our data do not suggest a linear inverse function 
between calcium level and PTH levels since the PTH concentra­
tions in non-milk fever cows were higher than PTH in those 
with severe hypocalcemia. However, the different diets in­
volved here may have affected these results. 
It appears that PTH affects plasma Pi and Hg levels as 
indicated by changes in these two minerals after a solution 
containing only calcium was given. Phosphorus levels could 
be controlled by the effect of PTH on kidney excretion (Mayer 
et al., 101; Harrison and Harrison, 55). Another factor may 
be the return of gut motility which would cause increased 
phosphorus absorption. Magnesium changes in the cow could be 
affected by PTH in a number of ways also. Maclntyre et al. 
(90) snggest that serum Mg increases because PTH is causing 
increased tubular resorption of magnesium. Magnesium appears 
necessary for calcium resorption from bone in vivo (80) and a 
low magnesium diet will produce a hypocalcemic condition. 
Thus magnesium may be conserved and mobilized when there is a 
need for rapid bone calcium release. Harrison and Harrison 
(55) noted increased plasma Mg in rats given a purified dose 
of PTH (100 units). Thus, the magnesium increase in the cow 
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as PTH levels increase would indicate the latter is having a 
hypernagnesemic effect also. This is also implied by the Kg 
decrease post-treatment. 
These data indicate that PTH is released in response to 
hypocalcemia, yet milk fever cows seem not to be able to re­
spond to the hormone. Kronfeld's (78) theory that the target 
organ is unresponsive to PTH may provide an explanation of 
these observations. The timing of blood mineral changes ob­
served on the high or low calcium intake diets in this study 
would indicate that an earlier calcium "stress" can be placed 
on the bone by lowering the calcium intake. It appears then 
that in herds with a high incidence of milk fever a diet very 
low in calcium might be fed for 10-15 days prepartum. This 
would place an early stress on the bone and may allow it to 
undergo the necessary changes for maximum Ca mobilization. 
Further research needs to be done in this area before it is 
recommended as a general practice. k study of the long term 
effects of a severe calcium restriction before calving on 
milk production, length of time the cow remains in the herd, 
and general health is needed. 
In view of the results of this study, where the milk 
fever incidence was no greater in cows on a diet with a Ca:P 
ratio of 6:1 than in cows on a diet with a 1:1 ratio, the ab­
solute amount of calcium intake may be more critical than the 
ratio of Ca:P. Boda and Cole (11) noted more control as they 
194 
lowered the absolute amount of calcium intake. This narrowed 
the ratio of Ca:P also and this fact may have been 
overemphasized since, Stott (153) also narrowed the ratio 
and lowered milk fever incidence by increasing the phosphorus 
intake, but a high phosphorus intake has been shown to in­
crease PTH levels so that excess phosphorus would be 
excreted. This PTH increase may then inadvertently cause an 
expansion of the calcium mobilizing potential. This suggests 
that dietary control may be achieved in more than one way, 
but that changing the absolute intake of either mineral is 
more important than changing the ratio of the two. 
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S U M M A R Y  
The influence of a wide (approximately 6-8:1) or a 
narrow (approximately 1:1) dietary Ca:P ratio on the inci­
dence of parturient paresis in dairy cows and on the changes 
in plasma calcium, inorganic phosphorus, magnesium, glucose, 
ionic calcium, lactose, and parathyroid hormone was studied. 
Tventy-tvo Jersey and five &ryshire cows, involving a total 
of 46 parturitions, were employed. 
There were 8 cases of milk fever in 23 parturitions of 
cows on the wide Ca:P ratio and 10 cases in 23 parturitions 
of cows on the narrow ratio. Seventeen of the 18 cases of 
parturient paresis occurred in cows over 4 years of age. 
Cows were placed into six groups for analysis of data: 
Group 1 - High Ca - Milk Fever (MF) 
Group 2 - High Ca - No MF 
Group 3 - Low Ca - MF 
Group 4 - Low Ca - No MF 
Group 5 - High Ca - MF 
Group 6 - Low Ca - No MF 
Blood plasma values were separated into time blocks (rela­
tive to parturition) for analysis. The segments used were : 
-6 weeks to -2 days, -2 days to calving (0 time), 0 to +2 
days, +2 days to +4 days, +3 days to +6 days, +6 days to +10 
days, and +10 days to the end of lactation. 
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Blood plasma calcium decreased in all groups at 
parturition. The more severe depression occurred in the milk 
fever groups (4 to 6 mg/100 ml), with values for the low Ca-
MF group being the lower. Younger cows on the high calcium 
diet had a more severe hypocalcemia than young cows on a low 
calcium diet. The decrease in plasma calcium occurred 24-36 
hours earlier in cows on low calcium diets. Five to 6 days 
postpartum were reguired for the plasma Ca to return to nor­
mal in older cows. Younger cows returned to normal by 4-5 
days postpartum. A slight decrease in Ca was seen in older 
cows on the low Ca diets after normal levels were reached 
postpartum. There were no significant differences among 
groups in mean plasma calcium levels from +10 days to the end 
of lactation, however, older ( > 4 years) milk fever cows had 
a significant decrease with time regardless of diet. 
Blood plasma inorganic phosphorus levels decreased at 
parturition in all groups. Lowest levels were observed in 
the low Ca-HF group (1.5 mg/100 ml). The timing of the onset 
of hypophosphatemia corresponds with the onset of 
hypocalcemia in all groups. Plasma inorganic phorphorus in­
creased more rapidly postpartum than did calcium. Static 
levels were noted in high Ca groups by 48 hours postpartum 
except in group 1, which had the delayed onset of milk fever. 
Low Ca groups exhibited the same rapid increase postpartum, 
but also continued a slight steady increase to 10 days 
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postpartum. Mean inorganic phosphorus levels were 5-6 mg/lOO 
ml of blood plasma during lactation in all groups. 
Plasma magnesium increased at parturition in all groups. 
The smallest changes were noted in the Low Ca - No MF groups 
(4 and 6). Plasma M g averaged 3.5 - 3.7 mg /100 ml blood 
plasma in both milk fever groups, with levels of U.O mg/100 
ml observed in some cows. The start of hypermagnesemia ap­
peared to be 12-18 hours later in milk fever cows. Group 1 
had peak magnesium values 36 hours postpartum. The return of 
magnesium to normal levels corresponded closely to that of 
calcium ( 80-100 hrs ). A period of slight hypomagnesemia, 
1.8 - 2.0 mg/100 ml, existed in all groups of older cows from 
4 to 6 days postpartum. Normal levels ( 2.25 - 2.5 mg/100 ml) 
yere noted in all groups by 10 days postpartum. 
Plasma glucose increased at parturition in all groups. 
Glucose started to increase 1-2 days prepartum. Plasma 
levels of 90-120 mg/100 ml were reached at parturition. 
After parturition, levels decreased rapidly in non-MF 
cows. Levels of 60 mg/100 ml and lower were observed 12-18 
hours postpartum. If milk fever and parturition were sepa­
rated by a longer period of time (group 1) , a second glucose 
increase was observed during severe hypocalcemia. Following 
treatment for milk fever, plasma glucose declined rapidly. 
Glucose values increased significantly in all groups of 
older cows from 10 days postpartum to the end of lactation. 
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No changes were noted in younq cows during lactation. 
Ionic calcium remained a relatively constant percentage 
of total plasma calcium (40%) regardless of the severity of 
hypocalcemia. Ionic and total calcium were strongly corre­
lated (-50 to .92) in all groups, MF groups having the high­
est correlation. The percentage of ionic calcium did not in­
crease even after administration of calciumborogluconate, 
which in some cases increased plasma calcium levels to 16 
mq/100 ml. 
Blood plasma lactose was negatively correlated with 
plasma calcium in all groups (-.36 to -.72). This negative 
correlation was higher in the low Ca groups. Levels were 
non-detectable in dry cows until 2-5 days prepartusi. 
Lactose increased sharply at parturition and levels of 10-15 
mg/100 ml were observed. Lactose concentration decreased 
rapidly postpartum, but low levels of 1-2 mg/100 ml were ob­
served during lactation. 
Blood plasma parathyroid hormone (PTH) increased in both 
milk fever and non-milk fever cows at parturition. Normal 
levels ranged from 1-2 ng/100 ml and increased to 6 ng/100 ml 
during hypocalcemia. Plasma PTH was negatively correlated 
with plasma calcium during all time periods observed. PTH 
was negatively correlated with inorganic phosphorus and posi­
tively correlated with plasma magnesium from 50 hours 
prepartum to 50 hours postpartum. Plasma PTH and magnesium 
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decreased, and plasma inorganic phosphorus increased after 
each treatment with a Mg and P-free Ca-boroglaconate solu­
tion. In one animal this response was observed following 
each of four successive treatments. 
The results of this study do not support the theory that 
a diet with a narrow Ca:P ratio prevents or lowers the inci­
dence of milk fever. They do indicate that plasma calcium 
changes occur earlier in relation to parturition in cows on a 
low calcium diet than in cows on a high intake diet. 
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APPENDIX A 
Table A.I. Summary of cows on high calcium diets 
Breed no. Age' HP Milk (kg) 
Fat 
(kg) 
MF prev. yr. 
1968 
a-5144 
1-5335 
1-5465 
1-5469 
1-5493 
a-5494 
1-5657 
1-5766 
1-5892 
7-1 
5-1 
4-2 
4-1 
4-2 
4-0 
3-1 
3-1 
2-1 
yes 
no 
no 
yes 
yes 
no 
no 
no 
no 
5,214 
4,235 
2,818 
3,582 
3,595 
5,200 
3,564 
4,586 
G 
196 
222 
157 
210 
204 
200 
206 
230 
0 
yes 
no 
yes 
yes 
no 
no 
no 
no 
0 
1969 
1-5300 
1-5335 
1-5465 
1-5493 
1-5657 
1-5766 
a-5788 
1-5795 
1-5892 
7-2 
6-1 
5-6 
5-5 
4-2 
4-0 
3-8 
3-1 
3-0 
yes 
no 
yes 
no 
no 
yes 
no 
no 
no 
3,409 
5,150 
3,294 
4,204 
3,450 
4,545 
3,550 
3,391 
3,841 
227 
301 
180 
274 
212 
232 
150 
193 
217 
no 
no 
no 
yes 
no 
no 
no 
no 
no 
1970 
1-5335 
1-5338 
1-5657 
1-5795 
1-5986 
7-2 
7-0 
5-1 
4-1 
3-1 
yes 
yes 
no 
no 
no 
5,195 
3,763 
3,235 
3, 173 
2,536 
268 
180 
192 
168 
142 
no 
yes 
no 
no 
no 
1 Age at start of lactation (yr-mo) 
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Table A.2. Summary of cows on low calciaa diets 
Breed no. Age^ MF Milk Fat HF prev. yr. 
(kg) (kg) 
1968 
i-5338 5-0 yes 
1-5369 5-4 yes 
a-5450 4-4 yes 
•j—5456 5—1 no 
1-5467 4-2 no 
i-5544 4-0 no 
i-5749 3-4 yes 
4,614 233 yes 
4,877 277 yes 
4,335 170 no 
3,723 240 yes 
4,973 262 yes 
4,436 227 no 
4,127 250 no 
1969 
i-5338 6-0 yes 
1-5369 6-6 yes 
a—5445 5—4 no 
a-5450 5-7 yes 
1-5467 5-1 yes 
1-5501 4-3 yes 
1—5544 5-0 no 
1-5749 4-3 yes 
1-5792 3-1 no 
1-5852 3-2 no 
1-5853 3-4 no 
1-5921 2-2 no 
1-5930 2-3 no 
3,903 193 yes 
3,918 241 yes 
5,550 202 no 
4,327 175 yes 
4,023 245 no 
4,168 236 no 
3,427 165 no 
4,286 265 yes 
4,172 191 no 
3,573 220 no 
3,154 189 no 
0 0 0 
0 0 0 
1970 
1-5467 
1-5792 
1-5930 
6—0 
4-1 
3-4 
no 
no 
no 
3,718 
3,345 
3,150 
202 
185 
167 
yes 
no 
no 
1 Age at start of lactation (yr-ao) 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
12 
13 
14 
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A.3. Mineral analysis of silage 
Location Sampled D.M. Ca P Mg 
Date % D.M. basis 
S.W.silo 9-07-•68 42. 3 0.29 0. 31 0. 24 
S.W.silo 9-07-•68 43. 8 0.32 0. 24 0. 23 
Harvestore 9-10-•68 35. 1 0.37 0. 34 0. 26 
Harvestore 2-07-69 35. 0 0.52 0. 31 0. 32 
Harvestore 3-29-69 32. 6 0.41 0. 19 0. 36 
Harvestore 5-26-69 41. 1 0.35 0. 23 0. 34 
Harvestore 7-25-69 33. 3 0.40 0. 20 0. 36 
Harvestore 8-20-69 36. 9 0.43 0. 09 0. 32 
Bunker silo 9-03-69 34. 7 0.37 0. 19 0. 31 
Bunker silo 9-04-69 39. 7 0.32 0. 14 0. 29 
Bunker silo 9-05-69 36. 3 0.35 0. 23 
Upright 11-22-69 35. 5 0.37 0. 25 
Average 37. 2 0.37 0. 22 0. 29 
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Table A.4. Mineral analysis of concentrate 
Sample no. Ca P Hg 
% D. H. basis 
1 0.32 0.57 0.14 
2+CaCO 3.95 0.51 0.14 
3+CaCO 4.12 0.53 0.14 
a+CaCC 4.18 0.54 0.14 
5 0.34 0.61 0.13 
6+CaCO 4.28 0.47 0.13 
Average: Conc.+CaCO 4.13 0.51 0.14 
Average: Cone. 0.33 0.59 0.13 
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APPENDIX B 
Table B. 1. Paw data 5338 - Lo Ca - 1968 
Time Ca Mg Pi Glucose Lactose Ca:ionic 
hours Mg % 
-672.0 10.5 3. 5 4.4 - — — 
-5 04,0 11.3 2.2 - 64. 0 — — 
-3 36 .0 10. 5 2. 1 6. 0 62.0 - -
-264.0 10.8 2. 1 6. 1 57. 0 
o
 
o
 — 
-240,0 9. 5 1.9 5. 5 65.0 — -
-216.0 9.8 2.0 5. 2 57.0 — — 
-192.0 10. 1 2,8 4. 6 51.0 • 8 -
- 168.0 9.6 2, 1 4. 1 57. 0 0-0 -
-144.0 10.0 2,1 3. 1 52.0 0.0 -
-120.0 9.6 2,4 3. 9 63.0 0.0 -
-96.0 9.6 2,8 3. 0 79.0 0.0 — 
-72.0 10.3 2.6 3. 6 64,0 0.0 -
-45.0 9.3 2,3 3. 8 58.0 - — 
-24.0 8.9 2.8 4. 8 51.0 — — 
3.0 4. 9 3,7 1. 4 63.0 - — 
6.5 4.2 3,6 1. 3 - - — 
21.0 5. 3 3.7 3. 4 47.0 3.9 — 
48.0 7.6 3,6 1.8 - — — 
72.0 7.5 3.2 2. 5 45.0 4.3 — 
96 .0 9.2 2.2 4. 0 52.0 U.9 — 
120.0 10. 0 1.8 4. 6 70.0 — — 
144.0 8.9 2.6 3.7 62.0 2.6 -
168.0 8. 6 2.6 3.0 - — — 
192.0 8.3 2.3 2. 2 71,0 — — 
216.0 e.u 1,7 3. 1 58.0 — — 
240.0 9.3 1.8 3. 2 6. 3 .8 — 
336.0 9.5 2,2 3. 6 60.5 2.3 — 
504.0 10.4 2.6 4. 3 56.0 3. 1 — 
7 20.0 10. 0 2.5 3. 6 81 .0 — — 
1440.0 9.4 2.5 4. 4 53.0 4.1 — 
2160.0 10.6 3.3 5. 4 64.0 — — 
2980,0 9.8 3.0 5. 3 57.0 .9 
3600.0 9.6 2. 5 5. 9 50.0 — 
4320.0 8.0 3. 1 5. 1 65.0 — 
5040.0 10. 3 2.8 6. 1 54.0 — 
5760.0 9.9 2.9 5. 1 — — 
64P0.0 9. 9 2.6 5. 3 6.8 — 
7200.0 9.8 2.2 4. 9 5. 5 — 
7920 .0 9. 2 3.4 4. 3 69.0 — 
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Table B.2. (continued) 
Time Ca Mg Pi Glucose Lactose Ca:ionic 
hours • Mg % —— 
144.0 7.3 2.2 3. 6 - - -
168.0 8.4 2.0 3. 0 48.9 - — 
192.0 8.3 1.8 1.8 59.6 - -
216.0 8. 1 2.2 4.3 57.6 - — 
336.0 9.6 1.6 4.6 45.9 — — 
720.0 10. 1 2.3 5. 6 - - — 
1440.0 9.6 2.1 4.7 48. 9 - — 
2160.0 8.4 2.2 4. 5 - — — 
2860.0 9.4 1.6 3.6 56.7 - — 
3600.0 9. 1 2.0 5.0 56.7 - — 
4320.0 9.7 2.4 5.7 53.8 - -
5040.0 9.6 2.3 4. 3 56.2 — — 
5760.0 8.9 2.3 5.9 53.8 - — 
6460.0 9- 1 2.5 5.2 56.7 - — 
7200.0 9.0 2.4 4. 3 — — — 
7920.0 8.6 2.9 5. 8 61.1 — — 
8640.0 10.7 2.0 6.6 53.6 — 
9360.0 8.3 2.0 2.4 55.7 — — 
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Table BJ. Raw data 5450 - Lo Ca - 1968 
Time 
hours 
Ca Mg Pi Glucose 
• M g % 
Lactose Ca:iORic 
-840.0 10.4 2.3 5. 6 32. 2 - -
-672.0 10.0 2.5 5.8 74.7 - — 
-504.0 9.9 2.6 5. 4 85.2 - — 
-336.0 9.5 2.6 5. 4 56.3 -
-216.0 9.4 2.4 5. 4 51.8 - -
-144.0 9. 1 2. 1 5. 1 43.1 - — 
-120.0 9.5 2.3 5. 5 51.0 - — 
-96.0 9.4 2.2 6. 1 60.0 - -
-72.0 9.5 2.3 5. 0 63.9 - -
-48. 0 9.9 2. 1 5. 2 60.9 - — 
-24.0 9.3 2.3 4.9 85.7 - -
5.0 6.0 2. 5 2. 3 - - — 
24.0 5.3 2.3 2.6 90.8 - -
30.0 9.3 2.4 5. 0 52.0 - — 
48.0 8.2 2.7 6. 1 38.0 - — 
72.0 8.6 3.0 4. 1 - — — 
96.0 9.8 1.9 • 5. 4 63.0 - — 
120.0 9.8 2.1 6. 5 66.4 - — 
144.0 9.7 2.0 7.0 45. 3 - — 
216.0 9.7 2.2 5.7 42.2 - — 
240.0 9.7 2.2 5. 2 57.2 - — 
336.0 9.8 2.9 7. 4 56.1 - — 
504.0 9.6 3.0 7.9 56.4 — — 
720.0 9.4 2.9 6. 7 55.5 - — 
1440.0 9.4 2.8 6-7 54.2 - — 
2160.0 9.0 2.6 7. 1 46.1 — — 
2880.0 9.1 2.9 6. 1 58.6 — — 
4 3 20.0 10.4 3.0 7. 2 55.0 — — 
5040.0 9.5 2.7 5.0 72.0 — — 
5760.0 10.5 2-6 5.0 69.1 — 
6480.0 9.3 2.5 5. 4 62.4 — 
7200.0 8.9 1.9 5. 5 61.8 — • 
7920.0 8.8 2-0 4. 3 82.8 — — 
8640.0 9.0 2.2 5. 8 63.7 - """ 
9360.0 9.5 2.4 6. 8 66.6 — — 
10080.0 10.1 2.3 5. 6 58.2 — — 
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Table B.U. Eaw data 5456 - Lo Ca - 1968 
Time Ca Mg Pi Glucose Lactose Ca:ionic 
-504.0 9.3 2.0 - - — — 
-336.0 9. 1 2. 2 - - — — 
-192.0 9.7 2. 1 4. 1 77. 1 — — 
-168.0 9.5 2.2 4. 8 51.9 — -
-144.0 9.2 2.2 6. 3 70.8 — — 
-120.0 9. 0 2.4 5.0 56.0 — — 
-96.0 8.9 2.8 6.3 60.6 — — 
-72.0 8.7 2.7 5.0 88.5 - — 
-48.0 9.0 3.4 - - — — 
-24.0 8. 5 3.4 4.7 86.6 — — 
5.0 6.5 3.4 4.5 62.0 — — 
24.0 7.7 3.6 5.6 65.3 - — 
48.0 8.4 2.6 7.9 49. 3 — — 
72. 0 8. 8 2.1 5. 8 50.4 — — 
96.0 8.3 1.7 6.7 52.3 — — 
120.0 9. 3 1.9 3.9 67.6 — — 
144.0 8.3 2. 1 4.2 47.7 — — 
168.0 8.7 2.2 7.2 42.1 — — 
192.0 8.4 2.1 5.9 38.4 — — 
216.0 8.5 2.5 7.7 74.2 — — 
240.0 8.4 2.6 5. 1 51. 4 — — 
336.0 9.6 2.2 6.6 44. 0 — — 
5 04.0 9.7 2.6 4.8 72.7 — — 
720.0 - 2.2 5. 6 37.5 — 
1440.0 9.9 2.5 8.4 49. 1 — — 
2160.0 8.9 2.6 7.3 40.3 — — 
2880.0 9.5 2.8 7.5 41.7 — 
3600.0 9.4 2.4 5.9 50.0 — 
4320.0 9.3 • 2.7 4.8 56.5 — 
5040.0 10. 1 2. 6 7.1 65.7 -
5760.0 9.1 2.6 5.6 52. 3 - — 
6480.0 9.7 2.5 4.6 45.8 — — 
7200.0 10.0 3.0 6. 4 51.9 — — 
7920.0 9.5 2.9 6.3 57.5 — 
8640.0 10.2 2.7 7. 1 78.0 — 
9360.0 9. 8 2.4 4.5 58.3 — 
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Table B5 . Paw data 5467 - Lo Ca - 1968 
Time Ca Mg Pi Glucose Lactose Ca:ic: 
hours • Mg % —— 
-84070 11.2 2.9 - - - -
-672.0 13. 1 2.4 5.0 -
-504.0 11.1 2.6 4.8 53.5 - — 
-336.0 11.6 3.6 5.3 47.0 - — 
-240.0 12.0 3.4 4.2 45.7 - — 
-216.0 12.0 2.9 6. 1 48. 1 - — 
-192.0 9.8 2.0 4. 0 49.0 - — 
-168.0 11.7 2.5 4.2 60. 1 - — 
-144.0 11.7 2.8 4.7 42.3 - — 
-120.0 10.9 2.7 5. 3 51.2 - — 
-96.0 10.6 3.1 6.1 54.3 - — 
-72.0 10. 1 3.6 5.0 52. 1 - — 
-48.0 9.7 3.5 4.3 49.2 -
-24.0 11.4 3.3 4.6 45.9 - — 
9.0 8.7 3.2 4.3 45.9 — — 
24.0 10.2 3.2 4.6 52.3 - — 
48.0 9.8 2.9 4. 5 — — 
72.0 8.2 3.0 3.8 47.6 — 
96.0 10.9 2.6 3.3 48.8 - •• 
120.0 9.7 2.2 4.4 54.5 -
144.0 9.3 2.7 3. 1 62.6 - — 
1 68.0 8.8 1.8 5. 3 39.4 - — 
192.0 8.2 1.9 4.7 46.2 — — 
240.0 9.1 2.3 5.0 45.8 — — 
336.0 8. 0 2.4 4.6 55.4 - — 
5 04.0 8.7 2.6 5.2 — — — 
720.0 10.7 3.0 5.9 51.6 - — 
1440.0 T" - 4.4 63.0 - — 
2160.0 10. 5 3.5 5. 5 40.5 — — 
2880.0 - - 8.5 - — — 
3600.0 - - 5.2 48.0 — 
4320.0 11.0 3.3 7.6 54. 3 — 
5040.0 10.8 2.9 6.7 51.1 
5760.0 11.3 2.9 4.8 63.0 — 
6480.0 9.7 3. 1 5. 8 - — 
7200,0 9.5 1.9 5.4 48.8 — 
7920.0 9.3 2.8 5.3 65.1 -
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Table B. 6. Raw data 5544 - Lo Ca - 1968 
Time 
heurs 
Ca Mg Pi Glucose Lactose 
1 
:
 n
i 
1 
1 
1 
1 
H
l
 
1 
l
o
i
 
1 
1 
-
H 
1 
-840.0 10.4 1.9 6. 1 60.0 - — 
-672.0 9.9 2. 3 5. 4 39.8 — — 
-5 04.0 9.3 2. 6 5. 8 41. 3 — — 
-336.0 9.4 2.3 5.7 55.5 — — 
"168.0 9.6 2.4 5.2 62.7 — — 
-48.0 9.1 2. 3 4. 6 - — — 
-24.0 8.6 2.9 4. 5 87. 2 — 
.5 5.9 3. 9 3.0 76.5 — 
24.0 6.7 3. 6 3.8 71.0 — — 
48,0 6.5 3. 6 4.6 63.3 -
72.0 8.6 2. 3 6.7 53.0 — — 
96.0 9.8 2.0 6.9 66.7 — 
120.0 9.1 2.3 5.5 48.5 — — 
1 44.0 8.7 2.6 6.2 54. 1 — — 
168.0 9.5 2.4 6.3 55.0 — — 
192.0 9.6 2.2 7. 0 45. 1 — — 
216.0 - - - 55.6 — — 
240.0 8.6 2. 2 5.7 — — 
336.0 9.0 2. 5 7.8 44. 4 - — 
504.0 7.9 3.4 5. 5 66.4 — — 
720.0 9.2 2. 9 5.8 63. 5 — — 
14 40.0 9.4 2.8 5. 1 68. 0 — — 
2880.0 9.9 3. 9 5.6 55. 3 — — 
3600.0 9.4 3.0 7.3 56.3 — — 
4320.0 11.5 2.8 5. 8 47.2 — — 
5040.0 9. 1 3.2 6.2 66.8 — — 
5760.0 9.3 2.7 5.6 62. 1 — — 
6480.0 - - 4.2 69.9 — — 
7200.0 10.0 2.5 5.2 61.5 — — 
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Table B. 7. Raw data 5749 - Lo Ca ^ 1968 
Time 
hours 
Ca Mg Pi Glucose 
- M g % — 
Lactose 
i
 i
.?
! 
1 
!
°
l
 
-3 3670 9.5 3.7 5. 1 - - -
-120.0 9.7 - 7. 2 72.0 - -
-96.0 9.4 - 5. 9 70.0 - — 
-72.0 9.4 2.8 6.6 70.0 - -
-36.0 8.8 3.4 7. 1 66.6 - -
-29.5 9.1 3.4 6.9 64.4 - -
-12.0 7.6 3.4 5.4 - - -
-8.5 - - - 76.3 - -
-3.0 6. 1 3.3 3.6 93.5 - -
-1.0 5.8 3.8 3.0 - - -
. 5 5. 5 3. 1 2.3 - -
2.5 5.5 3.2 2.0 - -
3.5 5. 2 3.2 2.2 67.5 - — 
5.0 5. 1 3.1 2. 5 63.6 - -
6.5 4. 6 3.1 2. 1 60.7 - -
8.0 5. 1 3.3 2. 1 65.3 - -
9.5 5.0 3.4 2.9 71.1 - -
12.5 4.7 3.2 3.3 58.6 - — 
13.0 4. 9 3.3 2.7 64.5 - -
14.5 5.0 3.2 3. 9 60.2 - — 
15. 5 4.9 3.2 3.8 57.7 - — 
17.5 4.9 3.3 3.6 47.5 -
18. 5 4.5 3.2 3. 6 54.4 - -
20.0 4.1 3.3 3. 6 56.9 -
21.0 10.7 3. 5 8.7 54.5 - — 
23.5 7.8 3.2 5.7 48.9 - — 
25.0 6.9 3.2 6.7 48.9 - — 
26. 5 6.5 3. 3 6. 1 50.4 - — 
28.0 6.0 3.4 6.2 44.3 - -
30.5 5.7 3.4 5.9 52.2 - -
32. 5 6.3 3. 5 4.9 47.3 - -
34.0 6.3 3.5 4. 3 55. 3 - — 
36. 0 6.8 3.4 5. 5 55.1 — 
45.0 6.5 3. 1 6.7 - - — 
72.0 8. 1 2.6 5.0 
00 
-
— 
96.0 8.8 2.5 4. 8 - - — 
120.0 8.6 2.0 3. 4 57.1 - — 
144.0 9.1 2. 1 5. 6 56.6 - — 
168.0 9. 0 2.1 5. 1 58.7 - — 
192.0 8.9 2.1 5. 1 55.3 - — 
216.0 9.3 2.4 7.7 48.4 - — 
240.0 9.0 2.5 6.9 - — 
336. 0 9.0 2.8 6. 5 57.1 - — 
^04.0 9.0 3.0 7. 0 57. 1 — — 
720.0 9.4 2.9 7.0 55.2 - — 
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Table B.7. (continued) 
Time 
hours 
Ca Mg Pi Glucose 
- Mg % — 
Lactose Cd:ionic 
ÏÛÛÔTÔ 8.8 2.7 6. 1 37. 2 - — 
2160.0 8.9 3.0 6.5 55.6 - — 
2880.0 9.0 3.0 5. 8 55.9 — — 
4320.0 9.3 3. 0 6. 5 53.1 — — 
5040.0 8.8 2.7 7.4 53.8 — — 
5760.0 11.3 2.9 5.6 48.9 — — 
6480.0 9.1 2.5 5,0 68.8 — — 
7200.0 11.4 2. 5 7.7 56.6 — — 
7920.0 9.6 3.2 5.0 54.7 — — 
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able B.3. Paw data 5338 - Lo Ca - 1969 
Time 
hours 
Ca Mg Pi Glucose 
Mg % 
Lactose Ca: ic: 
-84Ô7Ô 9.0 2.4 4.5 69.0 - -
-336.0 8.8 3.1 3.5 - - — 
-216.0 9.6 2.8 5. 1 67. 3 - — 
-192.0 9. 8 2.6 4. 5 76.4 1.5 -
-168.0 10.1 2.6 5.2 72.0 0. 0 -
-lua.o 9.9 2.6 5.0 66. 0 .9 -
-120.0 9.4 2.7 4.4 68.3 0.0 — 
-96.0 9.8 2.4 5.4 59.0 0.0 -
-72. 0 9. 9 2. 4 5.7 - - — 
-47.5 10.0 2.0 4.7 61.3 1.1 -
-46.0 9.8 2.3 5.9 62.3 - — 
-44.5 9.8 2.3 4. 8 - — — 
-43.0 9.7 2.1 6.4 63.4 .6 — 
-41 .5 10.1 2.6 5.8 67. 6 - -
-39. 5 10.0 2.4 6.1 51.8 - — 
-38.5 10.1 2. 1 5.8 56. 3 - — 
-37. 0 9.9 2. 1 6. 2 61.6 .8 — 
-35.5 9.7 2.4 6.5 62.0 - — 
-34.0 6. 8 T - 68.7 - — 
-32. 0 10.0 2.3 6. 2 59.5 - — 
-31.0 9. 8 2.2 6. 4 67.3 - — 
-29.5 10.0 2.3 6.3 62. 0 - — 
-28.0 9.7 2.6 6.6 63.0 3.9 — 
-23.0 9.6 2.5 6.9 63.0 4.3 — 
-21.5 9.5 2.6 6.2 51.4 - — 
-20.0 9.4 2.8 4.7 64. 4 — 
-18. 5 9.7 2.5 5. 5 60.2 5.4 — 
-17.0 9.4 2.8 5.2 69.7 6.2 — 
-15. 5 8.6 2.9 4.8 53.9 - — 
-14.0 8.4 2.9 5. 3 62.7 — — 
-12. 5 8.3 2.9 4.3 73.8 -
-11.0 7.8 3. 3 3. 6 59.9 4.8 — 
-9.5 6. 8 3.4 3.9 76.5 - — 
-Ç.5 5.9 3.9 2. 2 76. 9 13. 8 — 
-5.0 5. 8 3.5 3.2 74.2 - -
-3.5 5.4 3-6 2. 1 75.8 15. 2 -
-2.0 5.5 3.9 2. 1 79.2 - — 
-.5 5.0 3.5 2.0 83.5 13.8 — 
1-0 1 4. 0 4.2 2. 9 103.1 - — 
2.5 11.9 3.3 3.9 80.8 15.4 — 
4.0 10. 1 2-9 3. 5 66.2 -r — 
5.5 9.0 2.7 4.5 — - — 
7.0 8- 0 2.9 3.5 82.7 17.8 — 
8.5 7.4 3.0 4.4 75.4 — — 
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Table 3.8. (continued) 
Time 
lours 
Ca Mg Pi Glucose 
• Mg % —— 
Lactose Ca: io: 
11.5 6.4 3.2 4.5 71.9 3.6 -
13.0 5. 8 3.4 5-5 66.2 - -
15.5 5.9 3.3 4.4 66.2 4. 1 — 
16.0 5.4 3.9 2.8 69.2 — — 
17.5 5.1 3.5 2. 1 67.7 4.7 -
19.0 4.6 3.6 1.9 80.8 - — 
21.5 4.2 3.6 1.3 63. 1 — — 
22. 5 13.3 4.7 3.3 89.2 3.2 — 
24.0 12.4 3.7 4. 2 48. 1 - — 
25.0 11.2 3.2 4.9 57.3 — — 
27.0 9.1 3.1 4.2 60.4 4.6 — 
28.5 8.6 2.9 4. 1 66.9 - — 
30.0 7.2 3.1 4. 4 67.3 — — 
40.0 7.9 3.5 3.4 - 14.1 — 
48.0 8.7 3.2 4. 0 66.8 10.5 — 
72.0 9.4 2.4 4.2 64.0 5.7 — 
96.0 9.6 2.1 4.6 61.9 3.5 — 
120.0 1 0.9 1.3 4. 2 — — — 
1 44.0 10.1 1.5 4. 8 68.8 12.1 — 
168.0 10.4 1.5 4.5 66.9 7.1 — 
192.0 9.2 1.8 3. 5 62.7 — — 
216.0 10.0 1.9 3.9 59.2 — — 
240.0 9.9 1.8 4. 2 — — 
336.0 9.5 2.2 5. 0 50.8 — — 
504.0 9.2 2.4 4. 2 41.5 6.6 — 
720.0 9.2 2.6 4.6 55.0 4.0 — 
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Table B.9. Paw data 5369 - Lo Ca 1969 
Time 
hours 
Ca Mg Pi Glucose 
• Mg % 
Lactose Ca: ion. 
-640.0 8.3 2.0 2.4 55.7 - -
-672.0 10.5 2.9 5.0 59.7 - — 
-504.0 11.0 2.7 7.0 57. 8 - -
-336.0 10.3 2.7 - 58.0 - -
-216.0 10.3 2.9 4. 1 55. 0 - -
-72.0 10.6 2.9 2. 9 60.8 - — 
— 48.0 9.7 2.3 4.7 68.3 - 3.4 
-18.5 6.6 3. 1 1.8 96.8 - 2. 1 
-15.5 5.8 3. 3 1.7 92.9 - 1.8 
-14.0 5.3 3.3 1.7 94.1 - 1.7 
-12.5 5.0 3.3 1.0 95.8 - 1.5 
-11.0 4.5 3.2 .8 103.7 - 1.2 
-9.5 15.1 2. 8 1.7 111.3 - 6.2 
-8.0 12.2 3. 0 2.1 86.2 - 3.7 
-6.5 10.0 2.7 2. 2 90.0 - — 
-5.0 7. 9 2.6 1.6 98.4 - 2.5 
-3.5 6.8 2.5 1.3 97.2 - 2. 1 
-2.0 6.5 2.8 1.1 85.0 - 1.8 
-.5 5.4 2.8 .9 88.7 - 1.5 
1.0 4.5 2.5 .7 103.1 - 1.5 
3.0 4.4 2.5 .9 - — — 
3. 5 3.7 2.4 - 168.0 - 1.2 
4.5 8.8 2. 4 .7 113.0 - 2.1 
7.0 6. 5 2.9 1.1 71.3 - 1.8 
8.5 5.4 2.5 .9 74.9 - 1.8 
10.5 5.3 2.6 .9 68.4 - 1.6 
11.5 5.2 2.5 .8 62.6 - 1.5 
13.0 15. 9 2.5 2.0 52.8 - 6.2 
14.5 12.1 2.2 2. 3 - - 5.0 
16.0 12. 0 2.4 2.0 65.0 - 3.6 
17.5 10.2 2. 1 2. 6 66. 2 - 3.5 
19.0 10. 0 2.4 2. B 58.2 - 3.1 
22,5 3.0 2.2 2.7 81.5 - 2.9 
25. 5 10. 1 3. 0 3. 1 61.6 - 2.5 
28.5 7.7 3.0 3. 2 61.8 - 2. 4 
31.5 8. 1 2. 9 3.5 65. 1 - 2.4 
34.5 7.9 3.0 3. 6 66.5 - 2.6 
37.0 6.6 3.0 - 59. 1 - 2.6 
37.5 7.7 3. 0 3.8 57.4 - -
42.5 7.4 2.7 4. 1 58. 1 - 2.9 
72.0 9. 1 3. 1 5. 4 52.3 - 3.2 
96.0 9.5 2. 1 5.0 62. 6 - 3.8 
120.0 9.5 2.5 5. 1 48.0 - 3.3 
144.0 8.9 2.7 5. 8 38. 2 - -
168.0 9.0 2. 4 3. 8 47.7 - — 
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Table B.9. (continued) 
Time 
hours 
Ca Mg Pi Glucose 
• Mg % —— — 
Lactose Ca:ionic 
192.0 9.8 2.2 5. 5 57.7 — — 
216.0 9.6 2. 1 6.0 56.0 — — 
336.0 12.8 3.0 4.3 46.9 — — 
504.0 11.3 2.1 5. 8 45.0 — — 
720.0 9.0 2. 5 5.3 22.7 — — 
1440.0 9. 1 2.4 5.2 46.9 — -
2160.0 7.9 2.3 4.7 49.6 — — 
237 
TableB. 10. Raw data 5U45 - Lo Ca - 1969 
Time 
hours 
Ca Mg Pi Glucose 
• Mg % 
Lactose Ca;ior 
-672.0 9.4 2.2 5.5 64.9 - -
-504.0 10.5 1.9 8.2 69.6 - — 
-336.0 9.9 2.4 6.4 59.3 0.0 — 
-192.0 9.7 2. 5 5. 5 - — — 
-48.0 6.5 2.6 4. 4 83.0 6.9 -
-24.0 5.2 2.8 - - — — 
-3.0 6.0 2.9 4. 5 117.8 - — 
-2.5 6. 1 3.0 4.8 141.0 14.4 — 
-1.0 6. 0 2.8 4.7 171.0 15.1 -
1.0 5.7 2.7 - 148. 3 17.3 — 
2.5 6.0 2. 6 3.6 173.4 17.2 -
4.0 6.1 2.7 3.7 164.9 18.9 -
5.5 6. 5 2.8 4. 0 150.5 - — 
7.0 6.5 2.8 3. 9 93.2 
in 
-
8.5 6.9 2.9 4. 6 87.8 - — 
10.0 6.7 2.9 4. 2 87.4 16. 3 — 
11.5 6.7 2.8 4. 4 81.6 — — 
13.0 6.5 2.7 4.6 54.5 - — 
14.5 6. 9 2.7 2.9 64.2 — — 
16.0 6.8 2.6 6. 6 77.0 14. 5 — 
17.5 6.9 2.6 4. 3 61.0 9.0 -
19.0 7.3 2.7 2.7 55. 1 4. 3 — 
20. 5 7.4 2.7 2. 8 60.0 — — 
22.0 7.1 2.4 3.7 56. 1 9.6 — 
23. 5 7.3 2.8 3. 6 58.4 T — 
25.0 6.9 2.7 3. 0 54.5 • 
26.5 7. 1 2.6 7. 0 70.8 4.3 — 
28.0 7.4 2.9 3.7 53.2 7.9 -
48.0 8. 5 2.0 4. 4 61.0 13.5 — 
72.0 9.8 2.2 5. 6 65.8 6.2 — 
96.0 9. 8 1.4 5. 4 54.8 - — 
120.0 9.8 2.0 5. 4 50.4 — — 
144.0 8.9 2.4 4. 0 50.1 5.2 — 
168.0 9.7 2.3 5.0 57.5 5, 1 
192.0 8.7 2.6 4.3 61.6 — — 
216.0 9.5 2.5 4.3 59.0 7.6 — 
240.0 9.7 2.7 5.3 60.0 9.2 — 
504.0 10.5 2.6 5. 4 52. 1 — 
720.0 9.7 2.6 5. 2 — 
840.0 9.3 2.6 5. 8 — — — 
2160.0 9.7 - 5. 2 56.1 — — 
2880.0 9.6 2.9 5. 9 58.0 2.8 — 
3600.0 9.5 2.6 5. 5 59.0 0.0 — 
4320.0 9.6 2.5 4.6 67. 4 — — 
5040.0 9.2 2.5 5. 8 57.4 — — 
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T a b l e  B . 1 0 .  ( c o n t i n u e d )  
T i m e  c a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
h o u r s  K g  %  
S 7 6 0 . 0  1 0 . 5  2 . 8  6 . 2  4 8 . 6  -  -
6 4 8 0 . 0  9 . 4  2 . 8  6 . 5  6 5 , 4  
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T a b l e  B . 1 1 .  H a w  d a t a  5 4 5 0  -  L o  C a  -  1 9 6 9  
T i m e  C a  B g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
h o u r s  M g  %  ' —  
- 3 3 6 . 0  9 . 9  2 .  5  6 . 3  6 2 . 1  - -
- 2 4 0 . 0  - - 7 . 6  6 1 .  2  - -
- 9 6 . 0  9 . 4  2 . 2  6 .  6  6 8 . 1  — — 
- 7 2 . 0  9 . 6  2 . 3  8 .  1  6 0 .  3  — — 
—  4 8 . 0  9 . 2  2 . 3  8 . 3  7 7 . 5  - -
- 2 4 . 0  9 . 4  - 8 . 4  4 9 . 6  - -
.  5  6 . 7  2 . 3  4 . 0  - — — 
4 8 . 0  8 . 9  3 . 3  6 . 9  4 4 . 0  — — 
7 2 .  0  8 . 9  2 .  6  7 . 2  4 3 . 2  - — 
1 2 0 .  0  9 . 2  2 . 3  4 . 0  7 3 .  0  — -
1 4 4 .  0  9 . 2  2 .  1  6 . 0  4 1 . 2  — — 
1 6 8 . 0  8 . 1  1 . 9  6 . 7  3 8 .  8  — -
1 9 2 . 0  9 . 3  1 . 8  6 . 0  8 1 . 0  - — 
2 1 6 . 0  8 . 5  1 . 9  6 .  6  2 0 . 0  — — 
3 3 6 . 0  8 . 2  2 . 2  5 . 2  4 4 . 7  - — 
7 2 0 . 0  9 . 4  2 .  1  4 . 9  5 0 . 9  — — 
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T a b l e  B . 1 2 .  R a w  d a t a  5 4 6 7  -  L o  C a  -  1 9 6 9  
T i m e  
h o u r s  
c a  M g  P i  G l u c o s e  
•  M g  %  — —  
L a c t o s e  C a t i o n i c  
- 6 7 2 . 0  1 0 . 3  - 5 . 0  - - -
- 5 0 4 . 0  9 . 2  2 . 6  4 . 4 '  6 5 . 6  - -
- 3 3 6 . 0  9 . 2  2 . 5  6 . 5  5 9 .  9  - -
- 1 2 0 .  0  9 . 6  2 . 2  6 . 4  - - -
- 2 4 . 0  7 . 2  3 . 1  4 . 4  7 7 . 3  — -
- 4 .  5  1 0 .  0  2 . 5  1 . 7  6 6 . 3  - -
- 1 . 0  6 . 9  2 . 3  1 . 7  - - -
1 . 5  5 . 7  2 . 5  1 . 0  9 1 . 8  - -
2 . 0  5 - 0  2 . 2  . 8  1 0 0 . 9  -r -
3 .  5  4 .  4  2 . 2  1 . 0  8 2 . 8  - -
5 . 0  4 . 2  2 . 3  . 7  8 0 . 8  - -
7 . 0  4 .  3  2 . 4  . 9  7 4 . 9  - -
8 . 5  1 6 . 2  3 . 5  1 . 3  1 3 7 .  9  - -
1 1 . 0  9 . 9  2 . 6  2 .  6  5 9 . 3  - -
1 2 . 5  8 . 5  2 . 3  3 . 1  5 9 . 6  - -
1 4 .  0  8 .  1  2 . 3  3 . 3  5 7 . 2  - -
1 5 . 5  7 . 5  2 . 3  2 . 8  5 9 . 7  - -
1 7 . 5  7 .  5  2 . 4  2 . 5  6 5 . 5  — -
1 9 . 0  6 . 8  2 . 7  2 . 4  6 4 . 8  - -
2 0 . 0  6 . 3  2 . 7  2 . 8  - — -
2 1  .  5  6 . 5  2 . 4  2 . 7  4 4 .  4  - -
2 6 .  5  6 -  0  2 . 4  - - — -
2 7 . 5  -r 2 .  1  4 4 . 0  - -
4 8 .  0  5 . 7  2 . 7  3 . 8  4 8 . 4  — -
7 2 . 0  7 . 4  2 .  1  4 .  1  4 2 . 9  - -
1 2 0 . 0  9 . 5  1 . 9  4 . 6  6 5 . 3  - -
1 4 4 . 0  9 . 6  2 . 2  5 . 7  5 9 . 0  - -
1 6 8 .  0  9 . 6  2 .  4  4 . 2  5 3 . 9  - — 
1 9 2 . 0  1 0 . 2  2 . 2  8 . 8  5 5 . 7  - -
2 1 6 . 0  1 0 .  2  2 . 6  4 . 3  5 7 . 5  - -
3 3 6 . 0  8 . 1  2 . 4  3 . 6  3 7 . 8  - -
7 2 0 . 0  9 .  5  2 . 6  4 .  5  - - -
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T a b l e  B . 1 3 .  ( c o n t i n u e d )  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
1 6 8 . 0  9 . 8  2 . 0  5 .  6  5 5 . 2  - -
2 1 6 , 0  7 . 3  2 . 4  5 . 3  4 1 . 8  — — 
2 4 0 - 0  9 . 9  2 . 7  6 .  5  5 6 . 6  — — 
3 3 b . 0  1 0 . 0  2 . 5  5 . 4  4 2 . 4  — — 
5 0 4 . 0  1 0 . 5  3 .  0  - 7 4 . 1  — 
7 2 0 . 0  9 . 8  3 .  1  4 . 3  :  3 4 .  1  — — 
1 4 4 0 . 0  1 0 . 6  2 . 8  6 . 2  5 4 . 7  — — 
2 1 6 0 . 0  1 0 . 1  2 . 9  7 . 3  4 8 . 7  — — 
2 8 8 0 .  0  8 . 7  2 . 9  6 .  1  5 5 . 6  — 
3 6 0 0 . 0  9 . 6  2 . 9  6 .  3  5 0 . 9  — — 
4 3 2 0 . 0  8 . 6  2 . 4  4 . 7  4 7 . 0  — — 
5 0 4 0 .  0  9 . 9  2 . 5  6 . 5  5 1 . 8  — — 
5 7 6 0 . 0  8 . 9  2 .  5  6 . 3  5 5 . 2  — — 
6 4 8 0 . 0  9 . 5  2 . 4  - 4 5 . 0  — — 
7 9 2 0 . 0  9 . 4  2 . 3  6 .  1  6 7 . 2  — 
8 6 4 0 . 0  1 0 . 5  2 . 7  5 .  1  - — 
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T a b l e  B . 1 4  .  B a w  d a t a  5 5 4 4  -  L o  C a  -  1 9 6 9  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a :  i o :  
h o u r s  •  M g  %  
~ - 6 7 2 T Ô  ï îTs 2 . 3  6 . 0  5 6 . 8  - -
- 5 0 4 . 0  9 . 6  3 . 7  4 . 4  6 1 . 9  — — 
- 3 3 6 . 0  1 0 . 0  3 . 2  5 .  1  4 8 .  6  • — 
- 1 6 8 . 0  1 1 . 3  2 . 8  7 . 2  - — — 
- 1 4 4 . 0  1 0 . 0  2 . 8  6 . 7  - — — 
- 1 2 0 . 0  9 . 8  3 . 0  6 .  9  - — — 
- 9 6 . 0  9 . 7  2 . 5  7 . 0  7 5 . 0  — 
- 7 2 . 0  9 . 5  2 . 8  5 .  8  6 8 . 8  — 
- 4 8 . 0  8 . 6  2 . 6  5 . 3  6 1 . 1  - — 
- 4 1 . 0  1 0 . 0  2 . 8  4 . 4  - — — 
- 2 7 . 0  - - 4 .  1  - — — 
- 2 6 . 0  9 .  1  2 .  8  - -
- 1 7 . 0  8 . 6  2 . 7  4 .  3  6 9 . 4  - — 
- 1 2 . 0  8 . 6  2 . 8  5 .  1  1 1 4 . 2  - — 
- 4 . 0  8 . 6  2 . 7  5 . 6  1 3 3 .  3  - — 
- 2 .  5  8 . 3  2 .  6  3 . 9  6 8 . 8  - -
- 1 . 0  7 . 8  2 . 8  4 . 3  6 9 . 8  - — 
.  5  8 . 2  2 . 9  3 .  6  - - — 
2 . 0  8 . 4  2 . 8  4 .  1  9 1 . 0  — — 
3 .  5  8 . 4  2 . 9  4 .  5  7 1 . 2  — — 
5 . 0  8 . 9  3 . 0  4 . 8  8 7 . 4  — — 
6 .  5  9 . 1 2 . 8  4 . 5  .  7 9 . 5  - — 
8 . 5  8 . 8  2 . 8  4 . 7  — — — 
9 . 5  9 . 0  2 . 7  4 . 7  7 2 . 9  - — 
1 1 . 0  9 . 2  2 . 5  4 . 5  7 2 . 9  - — 
1 2 .  5  8 . 7  2 . 6  3 . 9  1 0 6 . 6  - — 
1 4 . 0  9 . 0  2 . 7  4 .  6  6 5 . 6  — — 
1 5 .  5  8 . 5  2 . 4  4 . 3  6 4 . 2  — — 
1 7 . 0  8 . 7  2 . 4  4 . 4  5 2 . 8  - — 
2 0 . 0  8 . 6  2 .  4  4 . 9  5 5 . 6  — — 
2 5 . 0  8 . 7  2 . 5  3 . 9  6 3 . 9  — — 
2 6 . 5  9 . 0  2 .  6  3 . 3  - — — 
2 8 .  0  9 . 0  2 . 8  4 . 2  — — 
2 9 . 5  8 . 9  2 . 7  3 . 7  — — 
3 1 . 0  - - 4 - 0  — — 
3 2 . 0  8 . 7  2 . 7  - — — 
4 3 . 5  8 . 8  2 . 9  4 .  2  — — 
7 2 . 0  9 . 0  2 .  6  4 . 2  4 9 . 0  — — 
9 6 . 0  9 . 6  1 . 9  4 .  3  5 0 . 9  — 
1 2 0 .  0  9 . 8  1 . 9  5 .  1  5 1 . 9  - — 
1 4 4 . 0  9 . 5  2 . 2  4 . 6  — — — 
1 6 8 . 0  1 0 . 6  2 . 4  5 . 0  - — — 
1 9 2 . 0  9 . 9  2 . 2  5 . 4  — — — 
2 1 6 . 0  9 . 3  2 . 3  5 . 7  4 8 . 6  — — 
2 4 0 . 0  9 . 2  2 . 4  4 .  8  6 9 . 9  — — 
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T a b l e  B . 1 4 .  ( c o n t i n u e d )  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
3 3 6 . 0  9 . 8  2 . 4  5 . 5  4 8 . 1  
5 0 4 . 0  8 . 9  2 . 8  5 . 8  4 4 . 9  
7 2 0 . 0  1 0 . 1  3 . 2  4 . 7  3 4 . 0  
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T a b l e  B . 1 5 .  B a w  d a t a  5 7 4 9  -  L o  C a  -  1 9 6 9  
T i m e  C a  M g ~ ^  P i  G l u c o s e  L a c t o s e  C a ; i o n i c  
" - 6 7 2 T Ô  TTe 3 7 0  e T s  ê â T û  -  "  -
- 5 0 4 . 0  1 0 . 4  2 .  5  5 .  8  5 6 . 9  
- 3 3 6 . 0  1 1 . 9  4 . 1  7 . 0  6 5 . 0  
- 1 2 0 . 0  1 0 . 2  2 . 8  6 . 7  6 6 .  9  -  3 . 2  
- 7 2 . 0  9 . 7  3 . 3  7 . 1  6 9 . 6  
- 4 8 . 0  9 . 5  3 . 6  5 . 5  6 7 . 9  -  2 . 3  
- 3 2 . 0  7 . 7  3 . 4  4 . 0  6 9 . 2  -  2 . 2  
- 2 9 . 0  7 . 2  4 . 0  2 . 8  6 3 . 0  -  2 . 0  
^ 2 5 . 5  6 . 3  3 . 0  4 . 2  7 9 . 5  -  1 . 7  
- 2 2 .  5  6 .  0  3 . 3  3 . 7  6 7 . 7  -  2 . 2  
- 2 0 . 0  4 . 9  3 .  1  2 .  8  6 8 . 2  -  1 . 7  
- 1 9 . 0  7 . 7  3 . 3  2 .  4  -  -  2 . 5  
- 1 7 . 0  5 . 4  4 . 4  1 . 9  8 2 . 7  -  1 . 9  
- 1 4 . 5  5 . 3  2 . 8  2 . 2  -  -  -
- 1 3 . 5  •  4 . 5  3 . 9  1 . 1  9 6 . 6  -  1 . 4  
- 1 1 . 5  4 . 4  3 . 8  1 . 4  1 0 0 . 5  -  1 . 3  
- 9 . 5  4 . 1  3 . 6  1 . 7  1 0 3 . 0  -  1 . 3  
- 8 . 0  1 2 . 5  2 . 6  2 . 3  1 3 4 . 4  -  3 . 4  
- 7 . 0  -  -  -  8 9 . 2  
- 5 . 5  6 . 6  3 . 3  1 . 8  8 9 . 8  -  2 . 1  
^ 4 . 0  6 . 1  3 . 3  . 9  8 4 . 5  -  1 - 9  
- 2 .  5  5 . 4  3 . 3  1 .  0  8 3 . 3  -  1 . 8  
- 1 . 0  4 . 8  3 . 1  . 7  8 7 . 4  -  1 . 6  
. - .  5  -  -  1 .  5  9 8 . 1  -  1 . 3  
. 5  4 . 2  2 . 4  -  -  -  -
2 . 0  4 . 2  2 . 6  1 . 6  9 3 . 7  -  1 . 3  
3 . 5  8 . 7  2 . 2  2 . 0  6 6 . 2  -  2 . 5  
5 . 0  7 . 5  2 . 3  2 . 8  5 6 . 9  -  2 . 2  
6 . 5  6 . 8  2 . 4  2 . 3  5 8 . 9  -  2 . 2  
8 . 0  6 . 0  2 . 2  2 . 8  6 2 . 2  -  1 . 8  
9 . 5  9 . 3  -  2 . 1  5 7 . 2  -  1 . 9  
1 1 . 0  5 . 7  3 . 2  2 . 7  5 9 . 5  -  1 . 6  
1 2 . 5  5 . 2  3 . 1  2 . 8  5 9 . 8  -  1 . 6  
1 4 . 5  4 . 9  3 . 1  2 . 5  5 2 . 2  -  1 . 6  
1 7 . 0  4 . 0  2 . 9  2 . 7  5 1 . 8  -  1 . 5  
2 0 . 0  4 . 8  3 . 3  2 . 5  7 1  . 2  -  1 . 4  
2 3 . 5  4 . 9  2 . 8  3 . 0  4 9 . 7  
2 4 . 5  4 . 9  2 . 5  3 . 0  6 7 . 5  -  1 . 5  
2 6 . 5  5 . 4  2 . 6  2 . 5  6 4 . 3  -  1 . 6  
2 7 . 5  1 2 . 2  2 . 6  3 . 2  5 1 . 2  -  3 . 5  
2 9 . 0  1 0 . 3  2 . 3  4 . 5  5 3 . 8  -  2 . 6  
3 3 . 0  7 . 9  2 . 2  6 . 1  4 8 . 6  -  2 . 2  
3 4 . 5  7 . 7  2 . 3  6 . 6  5 6 . 9  -  2 . 2  
3 6 . 0  7 . 7  2 . 4  5 . 6  5 0 . 0  -  2 . 2  
3 7 . 5  7 - 8  2 .  5  7 . 6  5 0 . 5  -  2 . 4  
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T a b l e  B . 1 5 .  ( c o n t i n u e d )  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
•  M g  %  
L a c t o s e  C a  : i c n :  
4 0 . 0  7 .  9 2 . 8  6 . 7  5 1 . 4  - 2 . 3  
4 3 . 0  7 . 2  3 , 0  6 .  1  4 6 . 6  ->• 2.2 
7 2 . 0  7 . 6  3 . 1  3 . 8  4 6 . 9  - 2 . 4  
9 6 . 0  8 . 4  2 . 3  3 . 0  4 5 . 0  - — 
1 2 0 . 0  8 . 3  1 . 9  3 . 4  4 2 . 4  — — 
1 4 4 . 0  8 . 8  1 . 7  5 . 0  • - 4 1 . 9  — — 
1 6 8 . 0  8 . 6  2 . 6  6 . 4  4 3 . 1  — — 
1 9 2 . 0  q . 5  1 . 8  5 . 4  6 1 .  2  — — 
2 1 6 .  0  9 .  1  1 . 8  5 .  6  5 9 . 2  — — 
2 4 0 . 0  - - 5 .  1  - - — 
3 3 6 . 0  - - 5 . 4  3 5 . 0  — 
7 2 0 . 0  9 .  1  2 . 9  5 .  1  5 5 . 0  — — 
2 1 6 0 . 0  8 . 9  3 . 0  5 . 6  5 0 . 6  — — 
2 8 8 0 . 0  9 . 6  2 . 6  6 . 4  4 7 . 4  — — 
2 A A 0 . 0  9 . 3  2 .  5  7 . 1  6 3 . 5  — — 
3 f a 0 0 . 0  8 . 8  2 - 5  6 . 4  6 0 .  1  — 
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T a r i t  B 4 6 »  R a w  d a t a  5 7 9 2  -  L o  C a  -  1 9 5 9  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
-  M g  %  —  
L a c t o s e  C a i i o n i c  
- 6 7 2 . 0  1 0 .  0  2 . 6  8 . 4  7 5 . 3  - -
^ 5 0 4 . 0  1  0 . 9  2 . 7  6 . 0  6 0 . 0  — — 
- 2 4 0 . 0  1 0 . 8  2 . 4  7 . 5  7 1 . 2  — — 
- 1 6 8 . 0  9 . 9  2 . 5  5 .  4  6 6 . 6  — — 
- .  5  9 . 2  2 . 9  4 .  3  - — — 
2 4 . 0  7 . 5  3 . 7  6 .  6  — — — 
4 8 . 0  5 . 9  3 . 4  5 .  6  — — 
7 2 . 0  8 . 5  2 . 6  7 .  1  — — — 
9 6 . 0  1 0 . 9  1 . 9  6 .  4  6 6 . 8  — — 
1 2 0 . 0  1 1 . 0  1 . 9  7 .  0  6 8 .  5  — — 
1 4 4 .  0  1 0 . 7  2 . 2  6 ,  3  6 2 . 6  — — 
1 6 8 . 0  1 0 . 4  2 . 2  5 . 6  5 6 .  8  — — 
1 9 2 . 0  1 0 . 2  2 . 6  6 . 2  6 5 . 0  — — 
2 1 6 . 0  9 . 8  2 . 8  5 .  3  7 4 .  5  — — 
2 4 0 . 0  9 . 6  2 . 8  6 . 3  5 9 . 9  — — 
5 0 4 . 0  9 . 6  3 . 0  7 . 2  4 9 .  1  — 
1 4 4 0 . 0  9 . 9  2 . 9  6 .  3  — — 
2 1 6 0 . 0  9 . 8  3 .  1  6 . 9  4 4 . 4  — — 
2 A 8 0 . 0  1 0 . 9  3 . 5  7 .  8  4 6 . 5  — — 
3 6 0 0 . 0  1 0 . 0  3 . 0  5 . 6  6 0 . 2  — 
4 3 2 0 . 0  9 . 5  2 . 7  5 .  9  5 1 . 1  — — 
5 0 4 0 . 0  1 0 . 6  3 . 0  5 .  4  5 0 .  1  •• 
5 7 6 0 . 0  1 1 . 3  2 . 8  7 . 7  5 4 . 0  — •• 
6 4 8 0 . 0  1 0 . 3  2 . 9  6 .  6  5 4 .  5  — — 
7 2 0 0 . 0  9 . 1  2 . 6  6 . 7  5 7 . 3  — T  
7 9 2 0 . 0  1 0 . 5  2 . 7  1 0 . 0  6 8 . 4  — 
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T a b l e -  B . I 7 .  B a w  d a t a  5 8 5 2  -  L o  C a  ^  1 9 6 9  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
-  M g  %  
L a c t o s e  C a i i o ;  
- 6 T 2 T Ô  1 0 .  1  2 . 7  4 . 6  5 6 . 0  - -
- 5 0 4 . 0  1 0 . 9  2 . 5  6 . 7  5 7 . 7  - — 
- 3 3 6 . 0  1 0 . 3  2 . 3  7 . 0  5 0 . 8  - — 
- 2 4 0 . 0  1 0 . 7  2 . 6  7 . 4  6 1 . 2  - -
- 1 2 0 . 0  1 1 . 3  2 .  6  6 . 2  5 7 . 7  — 
- 9 6 . 0  1 0 . 8  2 .  8  6 . 8  6 6 . 5  — -
- 7 2 . 0  1 1 . 2  2 .  5  5 . 3  5 8 . 9  - -
- 4 8 . 0  1 0 . 9  2 . 8  8 . 0  - - — 
- 2 4 . 0  1 0 . 5  2 . 6  6 . 9  - -
- 1 0 . 0  8 . 5  2 . 8  4 . 6  - - — 
- 4 . 0  8 . 1  2 . 8  5 . 4  1 1 5 . 0  - — 
1 . 0  8 .  0  3 . 0  3 . 5  8 6 . 3  - -
4 . 5  7 . 7  2 . 9  3 . 9  7 1 . 4  - -
7 . 0  5 . 7  2 . 8  2 . 8  9 7 . 1  - — 
1 2 . 0  8 . 1  3 . 3  6 . 0  5 0 . 0  - — 
1 3 .  5  8 .  1  2 . 8  7 . 1  6 2 . 9  - — 
1 6 . 5  8 . 0  2 . 9  6 . 3  5 7 . 4  - — 
1 9 . 5  7 . 6  2 . 9  6 . 6  5 5 . 9  -
2 3 . 0  8 . 2  2 . 8  7 . 9  5 3 . 9  - — 
2 5 . 5  8 . 2  2 . 8  7 . 0  5 8 . 4  - • 
2 8 . 5  8 . 6  2 . 8  7 . 5  5 4 .  2  — — 
3 1 . 5  9 . 0  2 . 8  7 . 9  5 3 . 7  - — 
3 7 . 5  9 . 5  2 . 9  6 . 2  5 4 .  2  - — 
4 0 .  5  9 . 5  2 . 5  8 . 3  5 8 . 6  — — 
4 3 . 5  9 . 7  2 . 4  7 . 9  5 6 . 0  - — 
4 9 . 5  9 . 7  2 . 1  7 . 4  5 9 . 9  - — 
7 2 . 0  1 0 . 3  2 . 3  7 . 3  5 1 . 7  - — 
1 2 0 . 0  1 1 . 0  2 . 2  6 . 4  6 4 . 2  — 
1 4 4 . 0  9 . 2  2 .  1  6 . 0  5 4 . 0  — — 
1 6 8 . 0  9 . 8  2 . 7  6 . 2  5 5 .  0  
1 9 2 . 0  1 0 . 1  2 . 5  5 . 0  5 0 .  6  — — 
2 1 6 . 0  1 0 .  4  2 . 9  6 . 2  6 0 . 1  - — 
3 3 6 . 0  1 0 . 2  2 . 7  5 . 9  5 1 . 5  - — 
5 0 4 . 0  1 1 . 4  2 . 7  5 . 2  5 0 . 2  - — 
7 2 0 . 0  9 . 8  2 . 5  5 . 5  4 5 .  8  — — 
1 4 4 0 . 0  1 0 . 2  2 . 2  5 . 8  5 4 . 8  — — 
2 1 6 0 . 0  1 0 . 2  3 . 0  7 . 4  5 3 .  2  — — 
2 8 8 0 . 0  9 . 8  3 . 3  7 . 1  5 3 . 2  — — 
3 6 0 0 . 0  9 . 5  2 . 5  6 . 5  4 6 .  1  — — 
4 3 2 0 . 0  9 . 5  2 . 6  5 . 9  5 8 . 6  — — 
5 7 6 0 . 0  9 . 6  2 . 6  6 . 2  4 3 . 7  — — 
6 4 8 0 . 0  9 .  1  2 . 9  5 . 9  5 1 . 9  — — 
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a b l e  B. 1 8 .  P a w  d a t a  5 8 5 3  -  L o  C a  -  1 9 6 9  
T i m e  ~  C a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
h o u r s  -  M g  %  
- 6 7 7 7 0  1 1 . 5  - 4 . 7  5 5 .  3  - -
- 5 0 4 . 0  1 0 .  5  2 . 7  4 . 5  5 6 . 5  — -
- 3 3 6 . 0  1 1 . 4  2 . 9  6 . 6  6 0 . 5  — — 
- 1 2 0 . 0  1 0 . 1  - 6 . 7  6 4 . 5  — -
- 9 6 . 0  1 0 . 3  2 . 7  5 . 9  7 1 . 8  — 3 . 6  
- 7 2 . 0  1 0 . 9  2 . 8  8 . 0  6 3 , 7  - 4 . 9  
- 4 8 . 0  8 . 5  2 . 8  6 . 0  6 2 .  5  - 4 . 2  
5 . 0  8 . 0  3 . 0  6 . 6  6 3 . 3  - 3 . 3  
7 . 0  7 . 8  3 . 3  7 . 3  6 0 .  9  - 3 . 4  
8 . 5  8 . 7  3 . 8  7 . 3  6 1 . 3  - 3 . 7  
1 0 . 5  8 . 6  3 . 9  6 . 2  5 9 , 7  - 3 . 8  
1 2 . 0  8 . 7  3 . 2  6 . 6  6 4 . 5  - 3 . 6  
1 3 . 5  9 . 3  3 . 0  6 . 3  6 6 .  3  - 3 . 6  
1 5 .  0  1 0 . 0  2 , 7  8 . 8  5 5 . 6  - 3 . 6  
2 2 . 5  9 . 8  2 . 7  5 .  1  5 8 ,  1  - 3.8 
2 9 . 0  1 0 . 3  3 . 0  6 . 4  6 1 . 5  — 4 . 6  
3 1 . 5  1 0 . 7  2 . 8  5 . 1  6 3 .  3  — 4 . 4  
3 4 . 5  9 . 7  2 . 5  5 . 9  5 9 . 7  — 4 . 0  
4 8 . 0  1 0 . 2  2 . 7  7 .  1  5 7 . 8  — 4 . 4  
7 2 . 0  9 . 5  2 . 5  4 . 6  5 6 . 0  - 3 . 8  
9 6 . 0  1 0 . 3  2 . 4  5 . 5  6 2 . 9  — 4 . 8  
1 4 4 . 0  1 0 . 8  2 . 7  4 . 7  7 0 . 2  — — 
1 6 8 . 0  9 . 6  2 . 3  4 . 6  5 6 . 0  — — 
1 9 2 . 0  1 1 . 2  2 . 0  6 . 2  4 9 . 3  — -
2 1 6 - 0  1 0 . 2  2 . 3  7 . 6  4 7 .  1  — — 
2 4 0 . 0  1 1 . 5  2 . 1  7 . 3  4 9 . 6  — — 
3 3 6 . 0  1 0 . 2  2 . 9  6 . 4  5 0 . 0  — 
5 0 4 . 0  8.2 2 . 4  4 . 7  5 1 . 2  — • 
7 2 0 .  0  9 . 6  2 . 7  5 . 6  5 7 .  2  — — 
1 4 4 0 . 0  1 0 . 3  2 . 7  5 . 2  3 4 . 9  — — 
2 1 6 0 . 0  9 . 7  2 . 2  5 . 0  6 1 . 3  — — 
2A80.0 8 . 0  2 .  1  5 . 2  5 4 . 4  — — 
3 6 0 0 . 0  9 . 2  2 . 6  4 . 9  6 4 . 8  — — 
4 3 2 0 . 0  9.5 2 . 3  5 . 1  5 6 . 8  — • 
5 0 4 0 . 0  1 0 . 0  2 . 7  5 .  1  6 3 .  3  
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f a b l e  B . I  9 .  R a w  d a t a  5 9 2 1  -  L o  C a  -  1 9 6 9  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a r i o n i c  
h o u r s  M g  %  
- 5 0 4 . 0  1 0 . 4  2 .  4  5 . 0  6 6 . 9  -
- 3 3 6 . 0  1 0 . 3  2 . 4  5 . 5  7 4 .  6  — -
- 1 9 2 . 0  1 0 . 0  2 . 5  4 . 7  7 5 . 0  - -
- 7 2 . 0  9 . 7  2 . 7  5 . 0  9 4 . 0  -
- 1 5 . 0  8 . 4  2 . 7  5 . 7  1 1 3 . 0  - -
- 1 4 . 5  8 . 3  2 . 6  5 . 7  1 0 6 .  8  - -
- 1 3 . 0  8 .  4  2 . 7  5 . 8  1 0 1 - 9  - -
- 1 1 . 0  8 . 3  2 . 5  5 .  1  9 4 -  7  - -
- 9 . 5  8 . 3  2 . 6  6 . 0  9 9 . 2  - -
• ^ 8 . 0  8 . 1  2 . 5  5 . 6  9 0 .  2  - -
- 6 . 5  8 . 8  2 . 4  5 . 6  9 3 . 2  - -
- 5 . 0  8 . 4  2 . 5  5 . 3  9 0 . 2  - -
- 3 . 5  8 . 9  2 , 4  5 .  2  9 1 . 0  - -
- 2 . 0  9 . 5  2 . 5  5 . 7  9 6 . 2  - -
- . 5  8 . 4  2 . 4  5 . 7  1 2 2 . 5  - -
1 . 0  8 . 6  2 . 6  5 . 0  - - — 
2 . 5  8 . 4  •  2 . 6  5 . 8  - — • 
4 . 0  6 . 8  2 . 8  3 .  5  - — -
1 0 . 0  8 .  1  2 . 4  7 . 5  - — — 
1 1 . 5  8 . 8  2 . 7  8 .  1  5 7 . 9  — — 
1 3 . 0  8 . 6  2 . 6  7 . 0  6 5 . 4  - -
1 4 . 5  8 . 7  2 . 8  3 .  2  5 2 . 6  — — 
1 6 . 0  8 . 9  2 . 8  6 . 7  5 7 . 9  -
2 4 . 0  9 . 0  2 . 9  5 . 7  - — — 
3 2 - 0  9 .  1  2 . 6  5 .  8  5 7 . 9  — — 
7 2 . 0  9 . 5  2 . 1  5 .  9  5 0 . 0  - — 
9 6 . 0  9 . 9  2 . 0  4 .  8  5 4 . 1  - — 
1 2 0 . 0  1 0 . 2  2 . 0  5 .  3  4 9 . 6  — — 
1 4 4 . 0  9 . 8  2 . 2  4 . 8  — — 
1 6 8 . 0  1 0 . 0  2 . 1  5 . 0  - — — 
1 9 2 . 0  9 . 8  2 . 3  5 .  1  5 2 . 6  — -
2 1 6 . 0  9 . 9  2 . 2  4 .  0  5 5 .  3  — — 
2 4 0 . 0  9 . 6  2 . 4  5 . 4  5 1 - 9  — — 
5  0 4 . 0  9 . 6  2 .  4  5 . 5  5 1 . 1  — 
7 2 0 . 0  1 0 . 1  2 . 3  6 . 0  5 6 .  5  — 
1 4 4 0 . 0  9 . 4  2 . 6  5 .  9  - — — 
2 1 6 0 . 0  9 . 1  2 . 9  4 . 0  - — 
2 8 8 0 . 0  9 . 6  2 . 8  4 . 4  5 8 . 2  — — 
4 3 2 0 . 0  1 1 . 0  2 . 6  6 . 4  5 1 . 3  — — 
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T a b l e s . 2 0 .  P a w  d a t a  5 9 3 0  -  L c  C a  -  1 9 6 9  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  c a c i o n i c  
- 8 4 0 . 0  1 0 . 5  2 . 4  6 . 5  6 6 . 3  - — 
- 6 7 2 . 0  9 . 9  2 . 5  5 . 6  6 3 .  1  - — 
- 5 0 4 . 0  1 0 . 3  2 . 6  6 .  5  - - — 
- 3 3 6 . 0  1 0 . 3  2 . 4  5 . 6  5 9 . 5  - — 
- 1 9 2 . 0  1 0 . 4  2 . 2  5 . 9  5 6 . 7  - — 
- 1 6 8 . 0  1 0 . 4  2 . 2  5 . 8  6 3 . 5  - — 
- 1 4 4 . 0  1 0 . 3  2 . 1  5 .  8  6 8 . 4  - — 
- 1 2 0 . 0  1 0 . 1  2 . 1  7 . 0  6 0 . 9  - — 
- 9 6 . 0  9 . 8  2 . 3  6 . 8  — — — 
- 7 2 . 0  1 0 . 1  2 . 3  7 . 1  - - — 
- 4 8 . 0  1 0 . 1  2 . 1  5 . 6  6 5 . 7  - — 
- 2 5 . 0  1 0 . 3  2 . 2  6 . 0  7 7 . 2  - — 
- 2 1 . 5  1 0 . 0  2 . 2  6 . 0  7 4 . 6  — — 
- 2 . 0  9 . 3  2 . 4  5 . 0  8 4 . 8  - — 
.  5  9 . 5  2 . 8  5 . 4  9 8 . 2  - — 
1 . 5  9 . 4  2 . 5  5 . 8  8 0 . 9  - — 
3 . 0  9 . 6  2 . 3  6 . 3  7 0 . 1  — — 
4 . 5  9 . 4  2 . 2  6 . 2  7 4 . 0  - — 
6 . 0  9 . 4  2 . 3  6 . 0  7 0 . 0  - — 
7 . 5  9 . 8  2 . 5  5 . 0  6 7 . 4  — 
9 . 0  8 . 7  2 . 3  5 . 2  - — — 
1 0 . 5  8 . 9  2 . 3  5 . 6  5 7 . 7  — — 
1 2 . 0  9 . 2  2 . 2  6 . 3  5 6 . 3  — — 
1 3 . 5  9 . 6  2 . 1  6 . 7  5 9 . 5  — — 
1 5 . 0  9 . 8  2 . 0  6 . 8  6 4 . 6  — 
1 6 . 5  9 . 8  2 . 2  6 . 8  6 2 . 4  — — 
2 1 . 0  9 . 8  1 . 9  5 . 6  6 6 . 6  - — 
2 6 . 0  9 . 4  1 . 8  5 . 4  5 1 . 2  — — 
4 8 . 0  9 . 7  1 . 9  5 . 2  4 5 . 0  - — 
7 2 . 0  1 0 . 1  1 . 9  5 . 3  4 0 . 0  — — 
9 6 . 0  1 0 - 4  1 . 8  6 .  0  4 8 . 4  - — 
1 2 0 . 0  1 1 . 4  1 . 7  8 . 2  4 9 . 3  — 
1 4 4 . 0  1 0 . 3  2 .  0  7 . 0  — — — 
1 6 8 . 0  1 0 . 0  2 . 5  6 . 7  — — — 
1 9 2 . 0  1 0 . 6  2 . 5  5 . 9  4 1  . 2  — — 
2 1 6 . 0  1 0 . 8  2 . 7  7 . 5  5 3 .  1  — — 
2 4 0 . 0  1 0 .  1  2 . 6  5 . 7  — — • 
3 3 6 . 0  9 . 3  2 . 6  6 . 3  5 3 . 9  — 
5 0 4 . 0  9 . 3  2 . 4  6 . 2  3 7 . 3  — 
7 2 0 . 0  9 . 6  2 . 5  6 . 0  5 5 . 5  — — 
1 4 4 0 . 0  1 0 . 7  2 . 0  5 . 8  5 2 . 0  — 
2 1 6 0 . 0  1 0 . 8  3 . 2  5 . 9  5 9 . 5  — 
2 8 8 0 . 0  - - 5 . 7  6 7 . 9  — — 
3 6 0 0 . 0  8 . 7  2 .  1  - 4 3 . 4  — *• 
4 3 2 0 . 0  9 . 3  3 . 3  5 . 9  5 0 . 8  — 
T a b l e  B . 2 0 .  ( c o n t i n u e d )  
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T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
5 0 4 0 . 0  1 0 . 6  2 . 8  6 . 1  — — — 
5 7 5 0 . 0  8 . 9  2 . 6  6 . 5  4 9 . 9  
6 4 8 0 . 0  9 . 9  2 . 5  8 . 3  3 4 . 9  
7 2 0 0 . 0  9 . 8  2 . 4  6 . 0  4 3 . 2  
7 9 2 0 . 0  8 . 8  2 . 2  6 . 0  6 3 . 4  -  -
8 6 4 0 . 0  1 0 . 2  2 . 6  5 . 4  4 5 . 0  
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T a b l e B . 2 1 .  R a w  d a t a  5 4 6 7  -  L o  C a  -  1 9 7 0  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
•  M g  %  -
L a c t o s e  C a  
- 3 3 6 : 0  9 . 7  2 . 9  4 . 9  5 4 . 9  — -
- 1 9 2 . 0  9 . 8  3 . 0  3 . 6  5 8 . 7  — — 
- 1 6 8 . 0  9 . 0  3 . 1  4 . 9  7 6 . 5  — 3 . 5  
- 1 4 4 . 0  9 . 0  2 . 5  4 .  3  7 4 . 4  — 3 . 2  
- 9 6 . 0  8 .  8  2 . 9  4 . 6  7 0 . 0  — 3 . 3  
- 7 2 . 0  8 . 4  2 . 8  4 . 0  6 2 . 0  — 3 . 2  
- 5 0 .  5  7 . 6  2 . 6  3 . 8  6 0 . 0  - 3 . 0  
- 4 7 . 5  7 . 9  2 . 6  3 . 6  5 9 . 9  - 3 . 2  
- 4 4 .  5  7 . 3  2 . 6  3 . 9  4 1 . 8  — 3 . 0  
- 4 1 . 5  6 . 7  2 . 9  3 . 3  4 0 . 3  - 5 . 0  
- 3 8 . 5  6 . 7  2 . 6  - - — 2 . 9  
- 3 5 . 5  6 . 9  2 . 8  3 . 9  5 0 . 8  - 3 . 0  
- 3 2 . 5  6 . 4  2 . 8  2 . 8  5 3 . 1  — — 
- 2 8 . 5  7 . 0  2 . 7  3 . 2  4 4 . 0  — — 
- 2 5 . 5  6 . 5  3 . 1  2 . 4  4 6 . 1  — 3 . 0  
- 2 2 . 5  6 . 4  2 . 6  3 . 9  - — 2 . 5  
- 1 9 . 0  6 . 4  2 . 2  2 .  4  8 0 . 9  — — 
- 1 6 . 0  6 . 4  2 . 9  3 . 6  4 5 . 2  - 2 . 6  
- 1 3 . 0  5 . 4  2 . 5  3 . 7  4 7 . 7  — 2 . 8  
- 1 0 . 5  — — 3 . 4  4 4 .  5  — -
- 1 0 . 0  6 . 2  2 . 9  6 . 6  7 2 . 2  — 2 . 7  
- 7 . 0  6 . 4  3 . 0  3 . 0  5 4 . 6  — 2 . 6  
- 3 . 0  6 . 6  2 . 9  4 .  1  4 5 . 2  - 2 . 5  
—  *  5  7 . 1  2 . 6  2 . 8  4 2 .  1  - 2 . 4  
. 5  — - - 8 3 . 5  — — 
1 . 5  6 . 1  2 . 3  8 . 7  1 2 9 . 5  — 2 . 6  
3 . 0  7 .  0  2 . 3  4 . 6  1 2 2 . 9  — 2 . 4  
6 . 0  6 . 6  2 . 4  4 . 6  7 7 . 7  - 2 . 4  
7 .  5  6 . 7  2 . 5  3 . 3  6 6 . 1  2 . 3  
9 . 0  7 . 0  2 . 4  6 . 6  4 5 . 4  — 2 . 4  
1 0 .  5  7 .  1  2 . 4  7 . 0  4 4 . 0  — 2 . 7  
1 2 . 0  7 . 4  2 . 5  5 .  5  — 2 . 7  
1 3 .  5  7 . 2  2 . 6  3 . 3  5 1 . 5  — 2 . 8  
1 5 . 0  7 . 8  2 . 7  4 . 4  5 1 . 8  — 2 . 8  
1 8 . 0  8 .  0  2 . 6  3 . 3  4 8 . 5  — 3 .  1  
2 1 . 0  8 . 0  2 . 6  4 . 7  4 7 . 7  — 3 . 3  
2 4 . 5  8 . 2  2 . 4  4 . 2  4 9 . 4  — 3 . 1  
2 6 . 0  7 . 1  2 . 4  6 .  1  4 5 . 2  3 . 4  
2 8 . 0  7 . 0  2 . 2  3 . 7  4 6 . 3  — 3 .  1  
2 9 . 0  7 .  4  2 . 4  4 . 7  — — 3 . 1  
3 0 . 5  7 . 9  2 . 3  3 .  3  4 1 . 7  — 3 . 1  
3 2 . 0  8 . 2  2 . 3  3 . 5  4 3 . 5  — 3 . 1  
3 5 . 5  8 . 0  2 . 4  3 . 8  5 0 . 9  — 3 . 2  
3 7 . 5  8 . 5  2 . 6  - 4 6 . 2  — 3 . 1  
7 2 . 0  7 . 5  2 . 7  2 . 5  4 8 . 6  — 3 . 3  
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T a b l e  B . 2 1 .  ( c o n t i n u e d )  
T i m e  
h o u r s  
C a  K g  P i  G l u c o s e  
M g  %  
L a c t o s e  C a :  i o n  
9 6 . 0  8 . 2  3 . 0  2 . 0  5 2 . 5  3 . 8  
1 2 0 . 0  1 1 . 1  3 . 4  6 . 3  5 3 . 2  3 . 6  
1 6 8 . 0  8 . 8  1 . 8  3 . 3  5 5 . 1  — — 
1 9 2 . 0  1 0 . 2  2 . 1  3 . 9  5 4 .  2  
o
 
1 
3 3 6 . 0  9 . 4  2 . 3  6 .  1  4 5 . 2  — " 
5 0 4 . 0  9 . 5  2 . 5  9 . 6  :  5 5 .  5  — -
7 2 0 . 0  9 . 6  2 . 5  6 . 5  6 5 . 0  — — 
l a i i O . O  8 . 5  2 . 8  5 . 5  5 7 . 4  - -
2 1 6 0 . 0  9 . 4  2 . 6  5 .  1  5 3 . 9  — — 
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T a b l e  B . 2 2 .  R a w  d a t a  5 7 9 2  -  L o  C a  -  1 9 7 0  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  L a c t o s e  C a :  i o n :  
' - 6 7 2 T Ô  1 2 . 4  2 . 0  5 . 5  - - -
- 5 0 4 . 0  8 . 3  2 , 4  4 .  6  6 7 . 0  . 0  -
- 3 3 6 . 0  9 . 8  2 . 5  5 .  2  6 3 .  3  — -
- 1 6 8 . 0  1 1 . 2  - 5 . 6  6 4 . 8  - 4 . 2  
4 . 0  8 . 1  2 .  8  3 .  0  6 4 . 8  - 3 . 2  
5 . 0  8 . 0  2 .  8  3 . 3  5 1 . 1  - 3 . 6  
6 . 5  8 . 4  2 . 6  4 .  1  4 5 . 0  2 .  5  3 . 8  
8 . 0  7 . 6  1 . 8  7 .  2  4 5 . 9  - 3 . 9  
9 . 5  9 . 7  - 4 . 4  4 9 . 7  - 4 . 6  
1 4 . 0  7 . 4  1 , 6  5 .  0  4 2 . 7  - 4 . 2  
1 5 . 5  8 . 5  1 . 2  5 .  0  4 0 .  2  - 4 . 0  
1 7 .  0  6 . 8  1 . 9  9 . 7  4 2 . 6  - 4 . 1  
1 8 . 5  6  . 6  2 .  5  3 . 9  4 6 . 2  - 4 .  3  
2 0 . 0  6 . 8  2 .  3  8 .  1  3 3 . 6  4 . 3  4 . 1  
2 1 .  5  7 . 7  2 . 5  6 . 8  4 0 .  1  — 4 . 1  
2 4 .  5  7 . 5  2 . 5  4 .  1  3 6 . 1  - 4 . 0  
2 7 . 5  6 . 6  2 . 3  6 , 7  3 3 . 8  3 . 7  4 . 3  
3 0 .  5  8 . 0  2 . 4  5 . 2  3 9 . 1  — 4 . 6  
3 3 . 0  7 . 8  2 . 6  6 ,  4  4 1 . 8  — 4 . 2  
3 7 .  5  8 . 2  2 . 6  6 .  4  3 3 . 6  3 . 1  4 . 4  
3 9 . 0  7 . 1  2 . 0  3 . 8  2 6 . 4  2 .  1  4 . 4  
4 6 .  5  7 . 0  2 .  0  5 .  6  2 3 . 6  3 . 6  4 . 1  
5 1  .  0  6 . 6  2 . 3  2 .  5  3 5 . 2  -<• 3 . 8  
7 2 . 0  8 .  0  2 . 7  3 . 2  3 8 . 3  — 3 . 9  
9 6 . 0  8 . 9  2 . 8  2 . 8  1 6 . 1  . 7  3 . 9  
1 2 0 . 0  9 . 2  2 . 0  2 . 7  3 2 . 7  . 0  4 . 0  
1  4 4 .  0  8 . 6  2 . 2  4 .  0  4 4 . 5  1 . 7  3 . 8  
1 6 8 . 0  8 . 5  2 . 2  3 .  9  5 4 . 8  - 3 . 7  
1 9 2 . 0  8 . 2  2 . 2  4 . 7  3 1 . 4  . 0  3 . 7  
2 1 6 .  0  8 .  6  2 . 0  4 . 3  3 0 . 0  . 0  3 . 7  
5 0 4 .  0  7 . 6  1 . 9  3 . 8  3 5 . 5  . 0  — 
7 2 0 . 0  1 0 . 0  2 . 2  4 . 3  5 8 . 2  . 0  — 
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a b l e  B. 2 3 .  R a w  d a t a  5 9 3 0  -  L o  C a  -  1 9 7 0  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n  
h o u r s  M g  %  — 
- 6 7 2 . 0  9 . 8  2 . 5  4 . 4  6 1 . 9  - -
- 5 0 4 . 0  8 . 7  2 . 2  5 . 3  4 9 . 2  - -
- 2 4 0 . 0  9 . 8  1 . 9  6 . 2  6 0 .  0  - -
- 1 2 0 . 0  1  0 . 2  1 . 9  5 .  8  6 0 . 0  - 4 . 3  
- 9 6 . 0  1 0 . 0  1 . 9  5 . 2  5 8 . 7  - 3 . 7  
- 7 2 . 0  1 0 . 6  1 . 9  5 . 9  6 2 . 6  - 4 . 4  
—  4 6 . 0  1 0 . 0  1 . 8  6 . 0  6 3 . 0  - 4 . 3  
- 3 2 .  0  1 0 . 7  1 . 9  6 . 1  6 4 . 4  - 4 . 8  
- 2 9 . 0  1 0 . 7  2 . 0  4 , 6  6 6 . 2  - 5 . 4  
—  2 6 .  0  1 0 . 5  1 . 9  5 . 3  6 4 . 9  - 5 , 4  
- 2 3 . 0  1 0 . 1  1 . 9  4 . 8  - - 5 . 2  
- 2 0 . 0  1 0 . 0  1 . 9  4 , 9  6 4 . 3  - 4 . 9 .  
- 1 7 . 0  - - 5 . 3  - - 5 . 0  
- 1 4 . 0  - - -r 7 4 . 6  - -
- 8 . 0  1 0 . 7  2 . 3  4 . 5  7 4 . 6  - 4 . 5  
- 4 . 5  9 . 6  2 . 2  4 . 9  6 5 . 8  - 4 . 6  
- 3 . 0  8 . 8  2 . 5  5 . 4  6 8 . 5  - 4 . 7  
- 1 . 5  1 0 . 3  2 . 1  4 , 7  7 4 . 2  - 4 . 4  
- . 5  8 . 6  2 . 4  4 .  8  7 5 . 5  - 4 . 3  
1 . 5  9 . 2  2 .  1  4 .  8  9 0 . 0  - 4 . 5  
3 . 0  9 . 0  2 . 2  4 . 8  7 6 . 5  - 4 . 6  
4 . 5  8 . 6  2 . 5  5 . 1  6 8 . 8  - 4 . 6  
6 . 0  9 .  1  2 . 1  5 .  1  7 8 .  3  - 4 . 2  
7 . 5  9 . 1  2 . 1 9 . 0  6 1 . 2  - 4 . 2  
9 . 0  9 . 0  2 . 1 5 . 8  5 7 . 9  - 4 . 3  
1 0 . 5  9 . 6  2 . 1 5 . 2  - — — 
1 2 . 0  8 . 8  2 . 4  5 . 7  5 9 . 4  - 4 . 5  
1 5 . 0  9 . 2  2 . 1 5 . 6  5 6 . 1  - 4 . 4  
1 6 . 5  9 . 7  2 . 1  5 . 2  6 0 . 7  - 4 . 5  
1 8 . 0  8 . 5  2 . 5  4 . 3  6 0 . 3  - 4 . 4  
2 1  . 0  8 . 7  2 . 1 4 . 3  5 3 .  6  - 4 . 4  
2 2 .  5  - -T - 4 9 . 5  - — 
2 4 . 0  9 . 1  2 . 2  4 . 5  5 0 . 0  - 4 . 4  
2 5 . 5  9 . 1  2 .  1  6 . 3  4 8 . 9  - 4 . 6  
2 7 . 0  9 . 2  2 . 4  3 . 6  - - 4 . 5  
3 1 . 5  9 . 2  2 . 3  4 . 1  4 8 . 6  - 4 . 6  
4 0 . 5  8 . 7  2 . 4  4 . 7  4 5 . 1  - 4 . 5  
7 2 . 0  9 . 3  2 . 3  4 . 2  4 5 . 0  - 4 . 7  
9 6 . 0  9 . 2  2 . 2  4 . 8  4 3 .  2  - 5 . 0  
1 2 0 . 0  9 . 6  2 . 2  4 . 2  6 7 . 0  - 4 . 2  
1 4 4 . 0  9 . 7  2 . 2  5 . 5  4 1 . 2  - 4 . 3  
1 6 8 . 0  9 . 7  2 . 1  3 . 6  4 1 . 2  - 4 . 0  
1 9 2 . 0  1 0 .  1  2 . 4  4 . 6  6 2 . 4  - 4 . 5  
2 1 6 . 0  9 . 4  2 . 2  4 . 9  7 5 . 1  - 4 . 1  
2 4 0 . 0  9 . 6  2 . 6  5 . 2  3 2 . 5  - 4 . 0  
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T a b l e  B . 2 3 .  ( c o n t i n u e d )  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
3 3 6 . 0  9 . 3  2 . 5  5 . 9  3 1 . 7  
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T a b l e  B2H. E a w  d a t a  5 1 4 4  -  H i  C a  -  1 9 6 8  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a z i o n i c  
- 5 0 4 . 0  1 0 . 5  2 . 7  5 . 5  6 1 . 0  - -
- 3 3 6 . 0  9 . 3  2 . 8  5 .  2  6 1 . 5  — — 
- 1 2 0 . 0  5 .  9  2 . 5  3 . 9  4 3 . 7  - -
- 3 2 . 0  7 . 1  1 . 9  3 .  3  4 4 . 7  -
- 3 0 .  5  7 .  1  2 . 0  5 . 6  4 4 . 1  — — 
- 2 7 . 5  7 . 2  1 . 8  5 .  8  2 1 . 0  - -
- 2 4 .  5  7 . 5  1 . 8  6 .  0  3 8 . 3  - — 
- 2 3 . 0  7 .  1  1 . 6  8 . 3  2 6 . 0  - -
- 2 1 .  5  7 . 8  1 . 6  7 .  1  3 0 . 8  — -
- 2 0 . 0  7 . 6  1 . 6  7 . 4  1 3 . 0  — -
- 1 8 . 5  7 . 6  1 . 6  7 . 5  1 7 . 3  - — 
- 1 7 . 0  7 . 3  1 . 4  7 . 0  3 3 .  9  - -
- 1 5 .  5  7 .  6  1 . 5  7 .  1  4 3 . 3  - -
- 1 4 . 0  7 . 6  1 . 6  6 . 5  2 7 .  5  - -
- 1 2 .  5  7 .  6  1 . 6  6 . 0  3 4 . 2  - -
- 1 0 . 0  7 . 7  1 . 3  6 . 6  2 3 . 8  — -
- 7 . 0  7 . 3  1 . 6  6 ,  0  3 4 . 5  - -
- 5 . 5  6 . 8  1 . 2  4 . 4  6 6 . 0  - — 
- 3 . 5  9 . 9  1 . 9  5 .  4  8 8 . 8  - -
- 2 .  5  8 . 7  1 . 4  5 .  3  7 9 . 1  -
- 1 . 0  9 . 3  1 . 4  5 . 2  7 0 .  2  " -
.  5  8 . 7  1 . 6  3 . 7  8 0 . 8  - -
2 . 0  9 . 2  1 . 6  4 . 8  1 3 0 .  8  - -
3 . 5  9 .  1  1 . 7  3 . 9  1 2 3 . 5  - -
4 . 0  - - 4 . 3  1 0 5 .  1  - -
6 .  5  9 . 5  1 . 6  4 .  8  9 1 . 0  - -
8 . 0  9 . 9  2 . 3  4 . 7  7 2 . 9  — -
1 0 . 0  8 .  5  2 . 0  4 . 3  1 0 3 . 4  - -
1 1 . 0  8 . 5  1 . 9  4 . 4  1 1 4 .  9  — -
1 6 . 0  8 .  1  1 . 8  5 .  1  - - -
1 7 . 5  9 . 0  1 . 8  4 . 6  1 0 2 .  6  — -
1 9 . 5  8 .  5  1 . 7  4 .  3  1 0 0 . 6  — -
2 0 . 5  8 . 4  1 . 7  3 . 6  1 0 0 . 5  - -
2 2 . 0  8 .  6  1 . 7  3 . 9  1 0 0 . 4  - -
2 3 . 5  7 . 9  1 . 7  3 . 6  7 9 . 4  - T  
2 5 . 0  8 .  0  1 . 7  4 . 8  7 7 . 4  — 
2 8 . 0  7 . 2  1 . 5  5 .  5  8 0 . 0  - -
2 9 .  5  8 .  8  1 . 8  6 . 3  7 7 .  1  - -
3 1  . 0  8 . 3  1 . 8  6 . 3  7 0 .  5  -
3 2 .  5  8 .  1  2 . 0  8 . 2  6 8 . 4  - -
3 4 . 0  8 . 7  1 . 8  5 .  4  7 0 .  1  - -
4 0 .  5  8 .  1  1 . 8  5 .  6  - - — 
7 2 . 0  6 . 8  1 . 8  7 . 4  5 0 .  3  — — 
9 6 . 0  6 . 5  1 . 5  3 .  8  7 5 . 0  - — 
1 2 0 . 0  6 . 4  1 . 7  4 .  0  6 4 .  6  — -
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T a b l e  B . 2 4 .  ( c o n t i n u e d )  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a z i o n i c  
h o u r s  —  — — — — — —  — — -  M g  %  —  — —  —  
"TûâTô 7TÔ ÏTt JTê sTTs - -
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T a b l e s . 2 5 .  P a w  d a t a  5 3 3 5  -  H i  C a  -  1 9 6 8  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a : i o n i c  
h o u r s  M g  %  
- 1 0 0 8 . 0  1 0 . 0  2 . 8  5 .  2  - — 
- B U O . O  1 0 . 2  2 . 3  6 . 0  2 1 . 0  — — 
- 6 7 2 . 0  1 0 . 0  3 . 0  4 . 7  6 5 . 0  — — 
- 5 0 U . 0  8 . 1  3 . 1  3 .  1  7 0 . 1  7 . 4  — 
- 3 3 6 . 0  8 . 1  2 . 3  5 .  5  7 1 . 5  — — 
- 2 4 0 . 0  9 . 2  2 . 4  5 .  1  4 5 . 9  — — 
- 2 1 6 . 0  9 . 4  2 . 5  5 .  5  5 4 . 9  — — 
- 1 6 8 . 0  1 0 . 8  2 . 2  5 . 2  5 8 .  4  — — 
- 1 4 4 . 0  1 0 .  4  2 . 6  6 . 6  5 6 . 0  — — 
- 1 2 0 . 0  1 0 . 5  3 . 2  5 .  6  4 7 . 0  — — 
- 9 6 . 0  9 . 7  3 . 3  5 .  3  3 5 . 2  — — 
- 7 2 - 0  9 . 1  2 . 7  5 . 2  6 1 . 8  1 . 5  — 
- 4 8 . 0  8 . 9  2 . 6  5 .  0  5 1 . 5  — — 
- 4 0 . 5  9 . 0  2 . 9  5 .  4  5 7 . 9  — — 
- 3 9 . 0  9 . 1  3 .  0  4 .  4  5 3 . 1  — — 
- 3 7 . 5  8 . 5  3 . 0  4 . 4  4 9 . 8  — — 
- 3 6 . 0  8 . 4  3 .  1  5 . 3  5 0 . 4  — 
- 3 4 . 5  8 . 4  2 . 7  4 .  4  5 6 .  1  — 
- 3 2 .  5  8 . 6  2 . 9  5 .  7  4 9 . 0  — 
- 3 1 . 0  7 . 9  2 . 8  7 . 6  4 3 .  9  — 
- 2 9 . 5  8 . 0  2 .  9  4 .  6  — — 
- 2 8 . 0  7 . 9  3 .  3  5 . 2  6 0 .  3  — 
- 2 6 . 5  7 . 7  3 . 2  5 . 2  6 7 . 9  — 
- 2 5 . 0  7 . 4  3 . 5  4 . 8  4 8 . 5  — 
- 2 3 . 5  7 . 2  3 . 7  5 . 7  5 7 . 5  — 
- 2 2 . 0  6 . 3  3 .  6  6 . 8  5 9 . 6  — 
- 2 0 .  5  6 . 8  3 . 7  6 . 7  5 8 . 4  — 
- 1 9 . 0  7 . 0  3 . 8  5 . 2  6 6 . 8  — 
- 1 7 . 0  7 . 5  4 . 2  5 .  4  6 0 . 1  — — 
- 1 5 . 5  6 . 3  4 . 2  5 .  0  6 7 . 7  9 . 2  — 
- 1 3 .  5  6 . 7  4 . 2  5 .  3  3 3 .  9  — — 
- 1 2 . 0  7 . 7  4 . 5  6 . 4  4 9 .  3  — 
- 1 0 . 5  7 , 8  4 . 4  5 . 9  5 8 .  4  — — 
• * 9 . 0  8.5 4 , 4  5 .  1  6 3 . 1  — 
- 8 . 0  7 . 3  4 . 3  5 . 7  6 5 .  4  -
- 5 . 0  8 . 0  4 . 2  5 . 2  3 4 . 7  -
- 3 . 5  7 . 6  4 . 7  4 . 2  3 5 . 4  — 
- 1 . 5  7 .  3  4 . 4  - 7 4 . 5  — 
. 5  6 . 2  4 . 5  4 . 0  8 7 .  2  — 
2 .  5  5 . 7  4 . 7  4 . 5  8 4 . 5  — 
4 . 0  5 . 1  4 . 2  4 . 2  7 4 . 3  — 
5 .  5  4 . 7  3 . 9  3 . 1  6 3 . 9  -
7 . 0  5 . 0  4 . 0  4 . 2  6 4 .  3  - — 
8 . 5  4 . 7  3 . 9  4 . 4  6 7 . 4  8 . 8  — 
1 0 . 0  " ^ . 2  4 .  1  3 . 2  5 8 .  9  1 0 . 0  
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T a b l e  B . 2 5 .  ( c o n t i n u e d )  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
•  M g  %  
L a c t o s e  C a :  i o n  
1 1 . 5  4 . 6  3 . 8  4 . 8  6 3 . 7  
in 0
0 1 
— 
1 4 . 0  5 . 4  3 . 8  5 . 6  5 5 . 6  — 
1 5 .  5  5 . 7  3 . 8  4 . 6  5 7 . 7  
m
 
00 
1 8 . 0  5 . 7  3 . 7  5 . 3  4 8 . 3  
1 9 . 0  5 . 4  3 . 6  4 . 5  4 9 . 8  1 1 . 2  — 
2 0 . 5  5 . 7  3 . 7  4 .  9  4 8 . 8  1 1 . 2  
2 2 . 0  6 .  0  3 . 8  3 . 4  4 8 . 1  9 . 0  
2 3 . 5  5 . 4  3 . 5  5 .  9  4 1 . 5  8 . 9  
2 5 .  5  6 . 0  3 . 6  4 .  1  4 8 . 3  1  0 . 5  
2 7 . 0  6 . 3  3 . 5  4 . 3  4 6 . 9  1 5 . 9  
2 8 .  5  6 . 2  3 .  5  4 .  8  4 3 . 4  — 
4 8 . 0  8 . 0  2 . 7  4 . 0  — — 
7 2 . 0  1 1 . 4  2 . 0  - — ~ 
9 6 . 0  6 . 9  1 . 8  4 . 6  6 1 . 5  — 
1 2 0 .  0  1 3 . 9  2 . 4  - — 
1 4 4 . 0  1 0 . 1  2 . 5  - — 
1 6 8 .  0  9 . 9  2 . 6  3 . 6  4 6 . 5  6 . 4  
1 9 2 . 0  1  0 . 4  2 . 5  3 . 7  5 7 . 9  • 
2 4 0 . 0  1 0 . 3  2 . 7  4 .  1  3 7 . 6  — 
3 3 6 . 0  1 0 . 1  2 . 8  4 . 6  3 8 .  2  4 . 4  
5 0 4 . 0  1 0 . 0  2 . 9  4 .  1  4 6 . 8  5 . 2  
7 2 0 . 0  1 0 . 2  2 . 7  4 . 5  4 2 .  1  
1 4 4 0 . 0  1 0 . 5  2 . 9  3 . 9  4 1 . 0  0 . 0  
2 1 6 0 . 0  1 0 . 2  2 . 8  3 . 2  4 2 . 9  2 . 3  
2 8 8 0 . 0  1 1 . 0  2 . 7  2 . 5  6 1 . 3  
3 6 0 0 . 0  1 0 . 2  2 . 7  5 .  1  4 9 . 4  1 . 4  
4 3 2 0 . 0  - - 5 . 3  4 6 . 5  4 . 4  
5 0 4 0 . 0  1 0 . 9  2 . 7  3 .  9  5 7 . 9  2 . 7  
5 7 6 0 . 0  1 0 .  A  2 . 4  4 . 8  5 9 . 2  2 . 2  
6 4 8 0 . 0  1 0 . 8  2 . 8  6 . 0  4 0 .  3  2 . 7  
7 2 0 0 . 0  9 . 7  2 . 9  5 . 2  5 0 . 0  
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T a b l e  B . 2 6 .  R a w  d a t a  5 4 6 5  -  H i  C a  -  1 9 6 8  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
•  M g  %  
L a c t o s e  C a ; i o r  
- 8 4 0 . 0  8 . 6  l o  5 . 5  6 1 . 9  - -
- 6 7 2 . 0  8 . 8  2 . 1  5 .  2  6 3 .  8  — — 
- 5 0 4 . 0  8 . 6  2 . 1  6 . 1  7 9 . 8  0 . 0  — 
- 3 3 6 . 0  8 . 6  2 . 5  5 . 1  7 4 .  8  0 . 0  — 
- 1 9 2 . 0  9 . 3  1 . 9  4 . 7  7 4 . 8  - 2  — 
- 1 2 0 . 0  8 . 6  2 . 2  6 . 3  8 3 . 8  .  4  — 
- 9 6 . 0  8 . 2  2 .  6  5 . 8  6 7 . 3  2 . 3  
- 4 8 . 0  7 . 7  2 . 7  4 . 9  6 3 -  3  1 2 . 0  — 
- 2 5 . 0  9 . 3  1 . 8  7 . 3  7 3 . 3  8 . 4  — 
- 2 3 . 0  9 . 1  1 . 7  7 .  1  8 2 . 8  6 . 6  — 
- 2 0 .  5  9 . 5  1 . 3  8 . 5  8 2 . 8  6 . 0  — 
- 1 9 . 0  9 . 1  1 . 4  7 . 9  - — — 
- 1 7 .  5  8 . 8  1 . 8  8 .  4  8 8 . 8  5 . 5  — 
- 1 6 . 0  8 . 8  1 . 8  8 . 3  - — 
- 1 4 .  5  8 . 2  1 . 2  8 .  1  - — — 
- 1 3 .  0  8 . 6  1 . 3  7 .  9  - 3 - 0  — 
- 1 1 . 0  8 .  0  1 . 4  7 . 3  7 9 . 3  5 . 3  — 
- 1 0 . 0  8 . 0  1 . 7  6 . 9  - - — 
- 8 . 5  8 .  1  1 . 4  5 . 6  7 8 . 3  6 . 7  — 
- 6 . 5  7 . 7  1 . 4  6 . 9  - — — 
- 4 .  5  7 . 5  1 . 6  6 .  6  7 1 . 3  5 . 9  — 
- 2 . 5  7 . 7  1 . 7  6 . 5  6 8 .  3  6 . 2  — 
1 . 0  7 .  1  1 . 8  6 . 3  1 1 5 . 7  1  0 . 0  — 
2 . 0  6 . 9  1 . 8  5 . 5  1 2 8 . 7  4 .  3  — 
3 .  5  7 . 2  1 . 8  5 .  1  1 1 2 . 2  8 . 4  — 
5 . 0  7 . 0  1 . 7  7 .  1  - — — 
6 .  5  6 -  5  1 . 5  8 .  9  - — — 
8 . 0  6 . 6  1 . 5  8 . 9  9 2 .  8  5 . 0  — 
9 .  5  7 . 0  1 . 5  8 . 3  - — — 
1 1 . 0  6 . 7  1 . 7  7 . 9  8 4 .  8  - — 
1 3 . 0  7 . 2  1 . 7  7 . 2  - — — 
1 4 . 0  6 . 8  1 . 8  8 .  8  - — — 
1 5 .  5  7 .  1  1 . 8  7 .  6  7 3 . 8  3 . 4  — 
1 7 . 5  7 . 4  1 . 9  8 .  1  6 8 .  3  2 . 9  — 
1 8 . 5  7 .  1  1 . 8  8 .  6  - - — 
2 0 . 5  7 . 0  1 . 8  7 .  8  5 8 .  9  4 .  8  — 
2 1 .  5  6 . 5  1 . 7  7 .  1  - - — 
2 3 . 5  6 . 9  2 . 5  7 .  1  5 3 .  9  1 .  9  — 
2 4 .  5  7 . 7  2 .  1  6 .  5  - - — 
2 6 . 0  6 . 6  2 . 0  6 . 7  4 5 .  9  2 .  6  — 
2 7 .  5  - - 7 .  0  - - — 
4 8 . 0  6 . 5  2 . 6  7 .  2  4 3 .  5  2 . 5  — 
7 2 . 0  6 . 9  2 . 2  8 . 7  4 3 - 9  3 . 0  — 
9 6 .  0  8 . 3  2 . 4  7 . 6  3 2 . 9  3 . 5  — 
1 4 4 .  0  9 . 6  2 . 4  5 . 7  7 2 . 3  1 . 0  — 
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T a b l e  B . 2 6 .  ( c o n t i n u e d )  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
M g  %  —  
L a c t o s e  C a : i o n i c  
1 6 8 . 0  8 . 5  2 . 2  4 . 9  7 5 . 3  . 3  — 
1 9 2 . 0  8 . 0  2 . 5  5 . 9  7 6 . 8  1 . 2  — 
2 1 6 - 0  7 . 1  2 . 2  6 , 7  6 9 . 3  1 . 1  — 
2 4 0 . 0  8 . 3  2 . 3  - 6 6 - 8  — — 
3 3 6 . 0  9 . 2  2 . 5  8 . 2  6 4 .  3  1 . 2  
5 0 4 . 0  8 . 0  2 . 5  6 . 3  '  6 0 . 9  1 . 1  
7 2 0 . 0  8 . 7  2 . 1  7 . 0  5 9 . 9  2 . 7  
1 4 4 0 . 0  8 . 5  2 . 4  5 . 5  6 7 . 8  — 
2 1 6 0 . 0  8 . 6  2 . 1  7 . 4  6 6 . 8  — 
2 8 8 0 . 0  9 . 0  3 . 2  8 . 0  — — 
3 6 0 0 . 0  9 . 8  2 . 8  6 . 2  6 1 . 9  
5 0 4 0 . 0  8 . 9  3 . 3  5 . 5  6 4 . 8  — 
5 7 6 0 . 0  9 . 9  2 . 9  6 . 2  7 9 . 3  — 
6 4 8 0 . 0  8 . 0  1 . 7  6 . 5  7 6 . 3  — 
7 2 0 0 . 0  9 . 1  2 - 8  4 . 4  8 3 . 3  — 
7 9 2 0 . 0  9 . 4  2 . 1  6 . 2  7 9 . 8  — 
8 6 4 0 . 0  9 . 5  2 - 6  8 . 5  — — 
9 3 6 0 . 0  9 . 9  2 - 8  6 . 2  — — 
1 0 0 8 0 . 0  9 . 7  2 . 5  6 . 7  6 2 . 4  «  6  
1 0 8 0 0 . 0  9 . 2  3 . 0  5 . 2  7 4 . 8  
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T a b l e  B 2 7 .  R a w  d a t a  5 4 6 9  -  H i  C a  -  1 9 6 8  
T i m e  
h o u r s  
C a  M g  P i  G l u c o s e  
'  M g  %  
L a c t o s e  C a : i o n i c  
-TcôsTô 9 . 9  2 . 7  2 .  9  - - -
- 5 0 4 . 0  9 . 7  2 . 8  3 .  2  — — 
- 3 3 6 . 0  9 . 7  2 . 8  3 . 0  - — — 
- 1 2 0 , 0  8 . 3  3 . 4  - - — • 
- 7 2 . 0  1 0 . 2  2 . 3  3 . 3  - — — 
- 4 8 . 0  9 . 5  2 . 4  3 . 4  - — 
. 0  8 . 5  2 . 3  2 .  5  - — 
- 8 . 5  1 1 . 2  2 . 8  3 .  2  - — 
1 . 0  1 0 . 8  2 . 7  2 . 9  - — — 
1 4 . 0  1 3 . 0  3 .  1  3 . 9  — — 
2 7 . 0  1 2 . 6  3 . 0  - — — — 
4 8 . 0  8 . 7  2 . 2  4 .  4  — — — 
7 2 . 0  9 . 0  2 .  1  3 . 1  - — 
9 6 . 0  9 . 5  1 . 7  3 .  0  - — 
1 4 4 . 0  9 . 3  1 . 9  2 .  1  - r  — 
1 6 8 . 0  9 . 2  2 . 2  2 .  6  — — 
1 9 2 . 0  8 . 3  2 . 3  3 .  1  — — 
2 1 6 . 0  9 . 0  2 . 3  2 .  3  — — 
3 3 6 . 0  9 . 0  2 .  1  2 .  8  — — 
5  0 4 . 0  8 . 9  2 . 4  3 . 0  — — 
1 4 4 0 . 0  8 . 5  2 . 3  4 .  4  — — 
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T a b l e  B . 2 8 .  P a w  d a t a  5 4 9 3  -  H i  C a  -  1 9 6 8  
T i m e  
h o u r s  
C a  Mg P i  G l u c o s e  
• Mg % ——-
L a c t o s e  C a : i o n i c  
- l ô ô ë T ô  6 . 7  2 .  0  7 . 9  7 5 . 3  - -
- 5 0 4 . 0  1 0 . 3  2 .  6  6 .  5  6 7 .  1  — — 
- 3 3 6 . 0  9 . 9  2 . 4  5 .  9  5 7 . 1  - — 
- 2 4 0 . 0  1 0 . 2  2 . 4  5 . 9  6 7 . 5  - — 
- 1 4 4 . 0  1 1 . 0  2 .  1  5 .  8  5 3 . 9  - — 
- 1 2 0 . 0  7 . 6  2 . 0  6 . 2  5 9 . 7  - — 
- 9 6 . 0  9 . 3  2 .  5  1 3 .  6  7 1 . 7  - — 
- 7 2 . 0  1 0 . 6  2 . 2  5 .  3  6 4 . 0  - — 
- 4 8 . 0  5.9 2 . 7  5 .  6  5 2 . 9  - — 
- 2 4 . 0  1 1 . 3  2 . 4  5 . 6  6 0 . 2  — — 
. 5  1 0 . 0  2.7 4 . 2  5 0 . 8  — — 
2 4 . 0  3 . 9  2.8 3 .  2  4 8 .  1  - — 
4 8 . 0  5 . 2  2 . 7  - - — — 
7 2 . 0  4 . 4  2 .  1  3 . 4  3 3 . 4  - — 
9 6 . 0  8 . 8  - 3 .  4  4 1 . 2  - — 
1  2 0 . 0  1 1 . 2  1 . 9  3 .  4  6 5 . 8  - — 
1  4 4 . 0  1 1 . 2  2 .  0  5 .  0  5 7 . 2  - — 
1 6 8 . 0  1 0 . 7  - 5 .  5  5 0 . 0  -
1 9 2 . 0  1 0 . 7  - - 4 0 . 0  — — 
2 4 0 . 0  6 . 5  2.8 4 . 9  5 3 . 7  — — 
3 3 6 . 0  9.0 3.2 6.5 5 9 . 3  — — 
5  0 4 . 0  1 0 . 5  2 . 9  6 . 7  5 2 . 4  - — 
7 2 0 . 0  9.2 3 .  4  5 . 5  4 7 . 2  - — 
1 4 4 0 . 0  8 . 3  2 .  6  5 . 3  6 0 . 1  — 
2 1 6 0 . 0  9 . 8  3 . 0  6 .  0  5 7 . 1  — — 
2 8 8 0 . 0  1 0 . 6  3 . 2  7 . 0  5 3 . 7  — — 
3 6 0 0 . 0  9 . 8  3.2 5 . 2  6 1 . 4  - — 
4 3 2 0 . 0  9 . 6  2 .  1  5 .  1  5 5 . 8  — — 
5 0 4 0 . 0  9 . 1  2.7 7 .  1  6 5 . 8  — — 
5 7 6 0 . 0  9 . 4  2 . 2  5 .  6  6 9 . 5  — — 
6 4 8 0 . 0  9 . 1  2 -  5  6 . 0  6 3 .  5  — — 
7 2 0 0 . 0  9 . 4  2 .  5  5 . 3  7 1 . 8  - — 
7 9 2 0 . 0  9 . 1  2.8 4 . 9  6 3 . 7  - — 
8 6 4 0 . 0  1 0 .  0  2 .  6  5 . 4  6 1 . 8  — — 
1 0 0 8 0 . 0  7 . 0  3 .  9  5 . 8  3 7 . 2  — — 
2 6 6  
T a b l e  b 2 9  .  P a w  d a t a  5 4 9 4  -  H i  C a  -  1 9 6 8  
T i m e  C a  M g  P i  G l u c o s e  L a c t o s e  C a i i o n i c  
h o u r s  M g  %  — — —  
- 6 7 2 . 0  9 . 8  2 ,  4  6 . 3  6 1 . 2  - -
- 5 0 4 . 0  - - 5 . 3  3 5 . 8  — . — 
- 3 3 6 . 0  1 1 . 8  2 . 8  - - — — 
- 1 2 0 . 0  1 1 . 6  - 5 . 4  - — 
- 9 6 . 0  1 1 . 2  2 . 4  4 . 2  - — — 
- 7 2 . 0  1 1 . 3  2 . 7  5 . 3  5 1 .  9  - — 
- 4 8 .  0  1 0 . 9  T 5 . 2  - — — 
- 2 4 . 0  8 . 3  2 . 6  4 . 8  5 1 . 9  — — 
— .  5  1 0 . 3  - 3 .  6  - — — 
2 4 . 0  6 . 3  2 . 5  4 . 7  7 1 . 9  — — 
4 8 . 0  9 . 3  2 . 5  5 .  9  6 0 . 1  
7 2 . 0  1 0 . 2  2 . 4  5 .  1  5 5 .  8  — — 
9 6 . 0  1 0 . 3  3 . 2  5 . 1  3 7 . 0  — 
1 2 0 . 0  9 . 5  2 . 3  8 .  1  - — 
1 4 4 . 0  - 2 . 6  6 . 0  - — — 
1 6 8 . 0  9 . 9  2 . 9  6 . 9  - — — 
1 9 2 . 0  1 0 .  4  2 .  6  6 . 9  5 0 . 0  — 
2 1 6 . 0  1 0 . 7  2 . 9  7 . 8  4 9 . 0  — — 
3 3 6 . 0  1 0 . 0  3 .  0  - - — — 
5 0 4 . 0  9 . 4  2 . 7  5 . 8  3 7 . 5  — — 
7 2 0 . 0  9 . 3  2 . 5  4 . 7  5 8 . 6  — 
1 4 4 0 . 0  9 . 3  2 . 5  5 . 7  5 1 .  4  — — 
2 1 6 0 . 0  1 0 . 4  1 . 9  6 . 0  5 0 . 0  — 
2 8 8 0 . 0  9 . 3  2 . 2  6 . 3  5 7 .  2  — — 
3 6 0 0 . 0  9 . 2  2 . 5  5 .  9  6 3 . 5  — 
4 3 2 0 . 0  - 5 . 4  6 2 .  5  — — 
5 0 4 0 . 0  1 0 . 3  2 . 7  4 . 7  6 0 . 6  — 
5 7 6 0 . 0  9 . 7  2 . 6  5 . 4  - — — 
6 4 8 0 . 0  9 . 9  2 . 7  5 . 3  6 4 . 4  — 
7 2 0 0 . 0  9 . 8  2 . 2  6 . 3  5 8 .  6  — — 
267 
T a b l e  B30. R a w  d a t a  5 6 5 7  -  H i  C a  -  1 9 6 8  
T i m e  
h o u r s  
c a  M g  P i  G l u c o s e  
•  M g  %  —  
L a c t o s e  C a c i o n i c  
- 6 7 2 . 0  1 0 . 7  2 . 0  3 . 6  5 3 . 2  - -
- 5 0 4 , 0  9 . 7  2 . 7  4 . 9  5 0 . 5  — — 
- 3 3 6 . 0  9 . 0  2 . 8  5 . 2  5 1 . 6  — — 
- 1 6 8 . 0  9 . 0  2 . 7  3 .  6  4 7 . 7  1 . 9  — 
2 4 .  G  6 . 2  3 . 3  4 . 6  6 1 . 1  4 . 5  -
4 8 . 0  6 . 5  2 . 9  5 .  1  7 4 . 0  - -
7 2 . 0  8 . 5  2 . 2  5 .  0  6 4 . 3  2 . 5  — 
9 6 . 0  1 0 . 1  1 . 9  5 .  8  6 1 . 6  - -
1 2 0 . 0  9 . 8  2 . 4  6 . 6  5 9 . 7  2 . 0  -
1 4 4 . 0  9 . 5  2 .  1  5 . 7  5 5 . 4  4 . 4  -
1 6 8 . 0  8 . 5  2 . 2  4 . 3  5 8 . 3  — — 
1 9 2 . 0  9 . 7  1 . 9  4 . 6  5 9 .  1  — -
2 1 6 . 0  9 .  0  2 . 5  6 . 1  4 6 . 9  — — 
2 4 0 .  0  9 . 1  2 . 2  6 . 3  5 0 . 2  — — 
3 3 6 . 0  1 0 . 5  3 .  1  4 . 4  4 4 . 6  — 
5  0 4 .  0  8 . 5  2 . 7  5 .  1  5 9 . 3  - — 
7 2 0 . 0  8 . 6  2 . 4  - 4 9 . 6  — — 
1 4 4 0 . 0  8 . 2  2 . 2  7 . 9  - — — 
2 1 6 0 . 0  9 . 2  2 . 7  6 . 6  5 2 . 2  — 
2 8 8 0 . 0  1 0 . 1  3 . 0  5 .  5  4 0 . 5  — — 
3 6 0 0 . 0  1 0 . 6  2 . 8  6 . 1  6 1 . 5  — 
4 3 2 0 . 0  1 0 . 1  2 . 9  5 .  6  5 2 . 7  — — 
5 0  4 0 . 0  1 0 . 3  3 . 5  5 . 6  - — 
5 7 6 0 . 0  1 0 . 1  2 . 6  4 . 0  5 1 . 2  — — 
6 4 8 0 . 0  9 . 7  2 . 4  8 .  8  6 5 . 2  — — 
7 2 C 0 . 0  1 0 . 0  2 . 5  6 .  1  6 0 .  5  — — 
7 9 2 0 . 0  9 . 3  2 . 2  3 . 4  6 6 . 8  • 
8 6 4 0 . 0  1 0 . 2  2 . 9  4 .  1  5 2 .  1  — — 
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Table 3.31. (continued) 
Time 
hours 
Ca Mg Pi Glucose 
• Mg % ——— 
Lactose Ca:ionic 
"TgJTÔ 9.7 2.5 8.2 58.8 - — 
216.0 9.6 2.2 7.6 49.3 — 
240. 0 9.0 2.3 8.6 40.2 — 
336.0 9.4 2.7 7.3 — — 
504. 0 9.1 2.6 6.9 49.5 — 
1440.0 9.7 2.8 6.5 — 
2160.0 9.7 2.7 5.9 49.0 — 
2880.0 - - 5.6 — • • 
3600.0 - - 6.2 — • 
4320.0 10.2 1.9 5.8 54.4 — 
5040.0 10.6 2.0 6.4 74.0 — 
5760.0 11.7 3.1 7.5 37.3 — 
6480.0 11.4 2.8 5.0 47.7 — 
7200.0 11 .8 3.3 6.4 48.6 — 
7920.0 • - - — 49.1 — 
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Table B.32. Raw data 5892 - Hi Ca - 1968 
Time 
hours 
Ca Mg Pi Glucose 
- Mg % 
Lactose Carlo 
-504.0 10,2 2.0 5.5 72.9 - -
-336.0 9.2 2.5 6.5 59.7 0.0 
-216.0 9. 3 2.4 5.5 56.8 0.0 -
-192.0 8.9 2. 0 6.0 65.9 - -
-168.0 9. 1 2.4 6.0 66.4 .5 • 
-1 44.0 9. 1 2. 1 4.0 62. 1 .3 -
-120.0 9. 1 1.9 4.3 64.8 .5 — 
-96.0 9.0 1.7 3.7 67.4 2.5 -
-72.0 8.7 1.7 4.7 62.5 2.5 -
-48. 0 9.3 1.8 3.4 69.6 2.9 -
-24.0 9.4 2.0 3.4 77.4 4.0 -
-4.0 8.9 2. 1 4.4 75.6 5.3 -
-2. 5 8.8 1.9 4.2 77.6 - -
-1.0 8.9 1.7 6.4 76.2 — — 
. 5 8.9 1.7 3.3 93.7 6.7 -
2.0 8.7 1 . 8  3.9 83.6 11.5 -
3.5 8. 9 1.8 3.8 54.5 - -
5.0 8.7 1.9 4. 2 65.9 13. 8 -
6.5 8.6 2.1 4.6 65.0 - -
8.0 8.7 2. 1 4.4 69.0 17. 0 — 
9.5 8.5 2.1 4.4 75.0 - -
11.0 8.2 2. 1 3. 8 50.0 T  — 
12.5 8.5 2.0 4.7 57.7 — — 
14.0 8.6 2.0 4.5 69.6 14.9 — 
15. 5 8.5 2.1 5.4 58.5 - — 
17.0 8.4 2.3 4. 4 58.7 18.7 — 
18.5 8.6 2.1 4. 4 50.2 - -
20.0 8.4 2.1 5.6 59.6 17.0 — 
21.0 8.4 2.1 4. 6 52.1 - — 
96.0 9.0 1.9 4. 4 58-9 12.7 -
1 20.0 8.6 1.8 5.3 73.9 13.7 -
144.0 8.7 1.7 5. 7 50.0 11.9 — 
168.0 8.5 1.5 4. 4 54.8 4.4 — 
192.0 9.0 1.7 5. 1 58. 4 3.0 -
240.0 9.7 1.5 5.0 59.4 1 .6 -
336.0 8.7 2.2 4. 9 60. 5 1.3 -
504. 0 9.0 2.8 3. 7 - — — 
720.0 9.0 2.9 5. 4 57.4 — — 
14 40.0 9.8 2. 5 4. 4 61.8 .3 
2160.0 9.8 2.8 6.0 61. 1 - — 
2880.0 10.1 2.7 5.2 51.9 — — 
3600.0 10.4 2.4 5. 8 53. 9 — — 
4 3 20.0 9.7 2.8 6. 1 52. 9 — — 
5040.0 10.2 2.7 6.3 61. 6 — — 
5760.0 10.5 2.4 4.7 53.0 - — 
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Table B.32. (continued) 
Time Ca Mg Pi Glucosp Lactose Ca:ionic 
hours —— — Mg % 
6480.Ô 10.1 2.7 5.4 78.5 - -
7200.0 10.6 2.2 5.8 53.1 - -
7920.0 9.5 2.7 6.5 56.9 - -
8640.0 10.7 3.1 6.4 62.5 - -
2 1 2  
Table BJ3. Raw data 5300 - Hi Ca - 1969 
Time 
hours 
Ca Mg Pi Glucose 
• Mg % 
Lactose Ca : io-n: 
-SOU.0 12. 1 3.0 5.6 31.9 - -
-336.0 10.4 2.7 5. 8 52.3 - -
-216 .0 10.3 2.6 5.5 57.3 - -
-168.0 11.4 2.4 5.2 58.1 -
- l a a . 0  10.8 2.5 5.0 25.4 - -
-120.0 10. 5 2.3 5.7 52.0 - -
-96.0 10.7 2.2 3.6 63.0 - -
-72.0 9. 8 2.7 5. 9 28.9 - -
-41 .5 10.7 2.4 7. 0 60.2 - 4.2 
-39.0 10.7 2.1 6. 4 63.8 - 4. 1 
-37. 0 11.0 2.1 7.0 60. 1 - 4.1 
-35. 5 11.2 2.0 7.5 60.0 - 4.4 
-32.5 11.3 2.0 6.9 54.9 - 4.4 
-29.5 11.0 2.0 8.8 61.8 - 4,0 
-26,5 11.3 2.0 8. 0 62. 6 - 3.5 
-23. 5 11.2 2.0 8. 3 60.1 - 3.5 
-19.0 11.2 2.1 7.7 62.4 - 4.0 
-16.0 10. 9 2.0 8.3 62.6 - 4.0 
-13.0 11.5 2.3 6. 5 71.6 - 4.4 
-11.5 10.8 2.1 6.7 65.8 - 4.0 
-10.0 10.7 2.0 6.8 67.5 - 4.4 
-7.0 10.7 2.2 6. 5 48.1 - 4.0 
-4.0 - 3.3 8. 1 37.3 - 4.0 
-2. 5 10.7 2.7 5. 4 40.1 - -
-1.0 10.4 2.3 5. 0 73.0 - 4. 0 
.5 10.2 2.3 4.4 1 42.4 - 3.4 
2.0 9.5 2.3 5.0 178.0 - 3. 1 
5.0 7.7 2.4 5. 0 51.2 - 2.7 
6.5 8.1 2.4 4.9 55.0 - 2.7 
9.5 7.9 2.9 5.0 75.0 - 2.9 
11.0 7.8 2.8 4.2 - - 2.8 
12. 5 7.6 2.9 4.6 56.8 - 2.7 
14.0 7.1 3.0 4.4 60.5 - 2.7 
15.5 6. 9 2.9 3. 5 62.9 - 2.6 
17.0 5.3 3.2 3. 1 55.8 - 2.4 
18.5 6.5 2.9 3.2 53.1 - 2. 1 
21. 5 7.4 3.8 3.0 44.4 - 2.4 
25.0 6.4 2.8 3. 3 45.2 - 2.4 
29.0 5.9 2.7 2.9 49.3 - 2.0 
30.5 5.6 2.7 2.7 53.0 - 2.0 
32.0 5.3 2.6 2.4 44.5 - 1.9 
33. 5 5.5 2.5 2.3 40.6 - 2.0 
35.0 5.5 2.4 2. 2 80.0 - 1.8 
38.0 5.4 2.1 . 9 137.6 - 1.6 
40.0 4.8 2.0 .4 162.7 - 1.6 
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Table B.33. (continued) 
Time Ca Mg Pi Glucose Lactose Caiionic 
41 .0 9.2 1.9 1.3 124.4 - 3.5 
42.5 8.7 1.8 1.6 72.7 - 3. 1 
44. 0 7.8 2.0 2. 0 48.4 - 3.0 
45.5 7.4 2.0 1.5 45.0 - 3.0 
50. 5 7.1 2.2 2. 1 50,2 - 2.8 
52.0 7.3 2.4 3.3 46.4 - 3.0 
53.5 7.3 2.6 - 53.8 - 3.0 
55-0 7.4 2.6 3.0 55. 1 - 3.3 
59.5 9.8 2.2 5.2 48.9 - 4.0 
66.0 9.6 2. 1 6. 1 62.0 - 4.0 
72.0 9.3 2.2 7.0 63.2 - 4.0 
96.0 10.2 1.9 5.8 68. 0 - 4.3 
120.0 10.8 2.0 5. 8 66.8 - -
144,0 10.5 2.0 5. 7 65.6 - 3.0 
168.0 9.3 2.9 4.6 69.5 - 3.4 
192.0 9.5 2.2 6.3 52. 9 - -
136.0 9.7 2.3 6. 1 43.7 - -
5 04.0 - - 7.7 48. 5 - -
1440.0 
00 
2.0 6.5 - - — 
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Table B.35. Raw data 5465 ^ Hi Ca - 1969 
Time Ca Mg Pi Glucose Lactose Carionic 
hours * Mg % ——— 
'ITÔ^TÔ 10.7 2.8 - - - -
-120.0 10. 1 2.8 5.9 60. 1 — — 
-72.0 8. 4 3.1 4.7 - — — 
-48.0 10.0 3.4 6.5 62. 6 — — 
-40. 0 9.5 2.6 4.6 - — — 
-32.0 9.9 2.7 5.7 - — — 
-25.0 9.4 2.6 5.3 67.2 — — 
-22.0 11.3 2.7 4.8 — 
-20. 5 9.3 2.7 5.2 - — — 
-19.0 8. 8 3.0 4.6 74.0 — — 
-17.5 8.5 2.5 5.7 - — — 
-16.0 9.0 2.7 - - — — 
-14.5 9.3 2.7 4.3 63.6 
-13.0 9. 2 2.8 4.0 75.7 — — 
-11.5 8.7 3.0 3.9 57. 1 — — 
-10.0 8. 4 - 4.2 - — — 
-8.5 8.6 2.9 4.3 58.5 -r -
-7,0 9. 1 2.9 4.8 60.6 — — 
-5.5 9.6 - 4.7 62. 3 — -
-4.0 9.5 2.9 4.6 73.0 — — 
-2.0 8.6 2.9 4.9 - — — 
5 8.6 3.0 4.5 58.1 - — 
.5 — — 6. 1 89.7 — -
1.0 9.4 3.2 4.8 60.7 — -
2.5 9.7 3.3 5.2 71.7 — — 
6.0 9.6 3.1 6.4 57.3 — — 
7.5 8.9 2.2 5.9 55.9 — — 
10.0 8.2 3.1 5.6 58.7 — — 
11.5 8.7 3.4 5.4 70.3 — — 
13.0 10.3 3.5 5.7 100.8 — — 
15.0 9.9 3.6 5.7 105. 8 — — 
16. 5 8.9 3.7 5.2 95.9 — — 
18.0 9.4 3.8 4.9 124.5 — — 
19.5 8.7 3.7 5.6 100.5 — — 
21 .0 9.3 - 5.7 105.3 — — 
22. 5 7. 9 3.6 5.7 96.7 — — 
25.5 8.6 3.9 6.0 84.7 — — 
27.0 7.7 3.9 5. 4 80.7 — — 
28.5 8.9 4. 1 - 78. 4 — — 
31.5 7.9 4.3 4.3 86.7 — — 
38.0 8.6 4.2 3.9 99.0 — — 
41.0 6.2 4. 1 3.9 91. 9 — — 
45.5 5.9 4.5 3.4 76. 8 — — 
47.0 5. 0 - 3.6 67.7 — 
49.5 5.0 4.3 3.4 72.0 — — 
276 
Table 8.35. (continued) 
Time 
lours 
Câ Kg Pi Glucose 
- Mg % —— 
Lactose Ca:ionic 
"sTTô 4.5 4.0 3.6 87.4 - -
52. 5 4.0 -r 3.8 - 83.0 - -
54.0 3-9 3.9 3.4 100.7 - — 
55. 5 3.9 4. 1 3.4 110.5 - -
57.0 3.6 - 4.0 126. 3 - — 
58-5 3.9 - 3.2 146,4 - -
60.0 4-1 4. 1 4. 1 117. 4 - -
61.0 9.5 4. 1 4.0 - - -
61.5 8.6 2.5 3.9 155. 2 — -
63.0 - - 4. 2 118.5 - -
65.5 7.1 - 5. 1 88. 0 — — 
67.0 6.3 4.6 6.3 - - — 
68.5 6-3 - 5. 7 100.0 — — 
70.0 6-4 4.5 5.2 104.4 — — 
71.5 5-5 - 6.0 100. 8 — — 
73.0 5.5 4. 1 6. 0 111.1 — — 
74.5 6.1 T- 5.6 85. 5 -
77. 5 5.7 4.3 5. 6 - — — 
79.0 5.4 3.9 5.2 82. 1 — — 
82.0 6. 0 3.0 5.7 102.1 - -
85.5 6.3 2.9 5.6 96.4 - — 
88. 5 6.9 2.9 6. 1 94.2 — 
91 .0 7.0 4. 3 6.0 90. 1 — — 
120.9 9-0 4.7 7. 0 90.0 — — 
144.0 9.4 4.6 10. 0 96.0 — — 
168.0 8.7 4.5 13. 6 110.0 — — 
192.0 8.8 3-8 11.0 92.5 — — 
216.0 8.2 3.8 14. 0 92.6 — 
240.0 7.8 3. 1 12. 1 - — — 
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Table B.36. Baw data 5493 - Hi Ca - 1969 
Time 
hours 
Ca Mg Pi Glucose 
- Mg % —— 
Lactose Ca:io 
-840.0 10.7 2.0 5.6 - - -
-144.0 9.7 2.3 6. 1 63.7 - -
-72.0 9. 9 2.1 5.0 59.8 - -
-48.0 - - 4. 1 54. 2 - -
-24.0 9.3 2.3 4.5 55.6 - — 
-1.0 9. 1 - 4.6 - - -
. 5 9.5 2.0 4.9 64.3 - — 
1.5 8. 0 1.8 4.6 118. 1 - -
2.0 7.6 1.9 4. 0 - - — 
3.0 9.3 2.1 5.4 65.9 - — 
5.0 11.3 - 5.1 69.2 - — 
6.5 7.9 2. 1 4. 1 71.6 - — 
9.5 8.4 - 3.8 69.3 - -
12.5 8.7 - 4.2 74. 4 -
14.0 8. 8 2.0 4.2 86.2 - — 
18.0 8.8 - 4.3 77.0 - — 
21.0 8. 7 2.0 4. 4 67.0 — 
24.0 8.1 2. 1 4. 3 77.9 - — 
30.5 8. 5 2.2 4. 0 80.5 - — 
48.0 8.2 2.1 6.3 54.0 — — 
72.0 7. 5 2.5 6.5 5 5 i 3  — — 
96.0 8.9 2.1 5.0 70.9 - — 
120.0 - - 6.8 72.2 — — 
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Table BJ7. Raw data 5657 - Hi Ca - 1969 
Time 
hours 
Ca Mg Pi Glucose 
' Mg % 
Lactose Ca:io: 
-1008.0 10.5 2. 6 5.1 61.0 0.0 -
-840.0 10.4 2.6 5.2 59.6 0.0 -
-672.0 11.2 2.6 6.2 57.4 0.0 -
-504.0 10.0 2.3 5.0 55.7 0.0 -
-336.0 10.1 2. 4 4.7 59.6 . 0.0 -
-240.0 10.1 2.3 4. 1 58.2 0.0 -
-216.0 10.6 2.4 5. 2 58.2 - -
-192.0 11.0 2.5 4.9 62.4 0.0 -
-168.0 10.9 2.4 5.3 20.0 0.0 -
-144. 0 10.4 2. 1 5.3 61.0 3.9 -
-120.0 1 0.9 2,2 5.6 60.0 4.0 -
-96.0 10. 8 2.3 4.3 63.0 3.1 
-72.0 10.4 2.3 4.9 60.0 4.1 -
-39.0 10.3 2.4 5. 4 55.2 - -
-37.0 10.7 - 4.9 - - -
-36. 0 10.5 3.6 4.5 - - -
-34.5 10.2 2.3 4.9 60.3 4.5 -
-33.0 10.4 2.5 5. 1 87.2 - -
-31.5 10.6 2.7 4.4 78. 1 - -
-30.0 11.0 2. 0 4.3 - 7.3 -
-28.5 - - - 62.0 - -
-27.0 10. 1 2.5 4.9 66.7 6,2 -
-25.5 10.4 2.5 5.9 51.8 - -
-24.0 10.3 2.6 5.4 58.9 3.9 -
-22.5 10.3 2.6 3.9 71.6 7.0 -
-20.5 11.2 2.6 4.5 - - -
-19,5 10.8 2.8 3.8 74.4 5.7 -
-18.0 10.5 2.6 4.7 - - -
-r 1 6 . 5 9.9 2.7 5.0 64.9 6,0 -
-13.0 9.2 2.8 3.7 - - — 
-11.5 9.4 2.8 3.7 75.2 6,1 -
-10.0 9. 1 2.8 • 3.2 - - — 
-8.5 9.1 3.0 3. 1 70.9 4.3 -
•^7. 0 8.7 3.0 3.0 - - -
-6 . 0 8.7 3. 1 2.3 71.6 5.1 -
-3.5 8. 1 3.3 2.3 - - -
-2.5 7.9 3.3 1.9 81.2 3.7 -
-1.0 7.7 3. 3 1.7 132.1 - -
. 5 7.3 3.2 1.8 99.3 6.6 -
2.0 7. 1 3. 8 1.7 22.5 - -
3.5 - 3.5 1.9 - - -
5.0 - 3. 5 1.8 17.4 11.1 -
6.5 7.0 3.4 2.0 12.4 - -
8.0 8.2 4.0 3. 1 17.1 - -
9.5 6.9 3. 1 3.5 56.7 5.1 -
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Time 
hours 
Ca Mg Pi Glucose 
• Mg % 
Lactose Ca:io; 
TiTô 7.4 3.7 2.8 39.0 - -
13.0 6.8 3.8 2.8 - - — 
14.0 6.9 4.7 2.9 3. 1 - — 
15. 5 — - 1.8 - - -
17.0 7.0 3.9 2.5 15.8 - — 
24.0 7.5 - 3.2 48.6 o
 
00
 
-
38.5 7.3 3.4 3.5 - - — 
41.5 8.3 3.4 3.1 36.5 9.5 -
43.0 — 3. 1 3.7 41. 1 - -
72.0 9. 3 2. 9 5.0 42.0 9.5 -
96.0 10.5 2.2 6.0 10.0 0.0 -
144. 0 8.0 2.8 3.4 - 6.9 -
168.0 10.2 4. 6 4. 1 49. 4 - — 
192.0 11.9 2.1 4.6 12.4 2.5 -
216.0 - - 4.5 - 7.8 — 
240. 0 10.9 2.6 4.1 29.7 — — 
336.0 10.2 2.5 4.6 - 4.6 — 
720. 0 9.9 3.1 4,5 47.6 - — 
2160.0 9.2 2.4 5.5 56.5 — — 
2880. 0 11.4 2.8 4.8 55.5 - — 
3600.0 06.6 2.2 3. 4 46.8 5. 5 — 
4320.0 11.6 2.5 5.7 54.2 — — 
5040.0 11.4 2.5 6. 1 62. 1 3.0 — 
5760.0 10.2 2.7 5. 4 51.4 — — 
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'able B.38. Raw data 5766 - Hi Ca - 1969 
Time Ca Mg Pi Glucose Lactose Ca:ionic 
hours Mg % ——— 
-120.0 8.3 2.9 5.1 38.3 - -
-48.0 9.4 3,0 5, 1 31. 1 - -
-. 5 4.9 4. 0 .8 143.5 - 1.4 
1.0 11.9 3.3 1.4 52. 3 - 3.8 
3. 0 10. 4 3.0 3.1 46.3 - 3.0 
5.5 8.8 3.0 2.4 74.7 - 2.7 
7.0 9.1 2.8 2, 3 38.8 - 3,3 
8.5 9.1 2.9 2.7 66.8 — -
10.0 8.5 3.1 1.7 34.5 - 2.4 
11.5 7.5 2.9 2.2 36.0 - 2.7 
13. 0 6.9 2.8 2.6 59.7 - 2.4 
17.0 7,0 2.9 2.9 32.3 - 2.2 
20. 0 8. 1 3.6 3.3 31.7 - 2. 1 
23.0 7.2 2.9 2. 1 62. 1 - 2.4 
26.0 6. 1 2.6 5,4 61.7 - 2.1 
29.0 6.4 2.6 3. 1 10.3 - 2.2 
33. 0 6.1 2.6 3.4 57.0 - 2.4 
44.5 8.0 2.6 5.2 61.2 - 3.6 
72.0 9.9 2.4 5.3 52.0 - 3,7 
96. 0 9.9 2.3 7.0 57.0 - 3.6 
120.0 9.4 2.3 7.0 45.0 — 3.6 
144.0 - - 4.4 - — — 
168.0 6.2 2.1 - 66.3 — -
192.0 7.7 2.7 5. 1 38.0 — 
216.0 8.6 2.9 5.2 28.2 — -
504.0 10.8 3.6 6.7 37.4 — — 
720. 0 10.9 3.3 7.5 37.6 — — 
1440.0 10.5 2.7 6.5 37. 1 — — 
2160.0 9.6 2.4 6.9 44.7 — — 
2880.0 9,4 2.8 6.8 55.0 — — 
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Tables.^9, Raw data 5788 - Hi Ca - 1969 
Time Ca Mg Pi Glucose Lactose Caiioni 
hours - Mg % 
-1008.0 11.0 2.6 7.3 63.1 - -
-840.0 10.3 2.7 5.5 — — 
-672.0 8.5 2.4 5.6 57.0 — — 
-5 04. 0 10.2 2.7 5. 1 58. 8 — — 
-336.0 9.2 2.3 6. 6 55.8 - — 
-240.0 - - 5.0 60.9 — — 
-144. 0 10.7 2.5 5. 4 66.7 - — 
-120.0 10.5 2.4 5.3 65.5 - — 
-96.0 10.5 2.2 5.6 55.8 - — 
-72.0 10.2 2.3 5.5 62.0 - — 
-48.0 9.8 2.5 7.3 64.5 - 3.8 
-32.0 — - 5.0 67.9 - 3.9 
-24. 5 9. 1 2.1 - 74.2 - 3.9 
-15.5 10.0 2.1 4. 2 78. 2 - 4.6 
-6.0 9.0 2.2 3. 9 80.5 - 3.6 
-3.0 6.9 1.9 3.8 87.7 - — 
. 5 7.7 2.1 2.0 109.4 - 3.2 
3. 5 - -r 1.2 89. 3 - — 
5.0 9.3 2.4 1.3 85.5 - 3.0 
6.5 7.7 2.6 1.3 74. 8 - 3.2 
8.0 5.7 2.5 2. 0 74.2 - • 3.3 
12.5 7.4 2.0 3. 2 80.5 - 3-4 
14. 0 5.4 1.5 1.4 75.0 — 3.4 
16.5 7.6 2.5 3.6 83.0 - 3.4 
18.5 8.5 - 2.9 88.2 • 3.6 
22.0 - - 5.7 72. 1 - 3.9 
25.0 8. 1 2.0 4.7 64.0 - 3.6 
28.5 7.6 1.9 5.3 57.5 - 3.4 
32.0 7.7 2.1 5. 5 66.8 3.4 
39.0 11.2 3.0 - — — 
51.0 7.7 2.0 6.5 60.3 — 3.4 
72.0 8.7 2.1 7.0 51.0 - • 3.9 
96.0 - - - 58.7 - 4.0 
120.0 9.4 2.1 5. 2 — — 
144.0 10.1 2. 1 5.0 - — 4.0 
168.0 9.6 2.1 4.7 69.0 — 
216.0 9.3 2.4 5.9 67.2 — 3.6 
240.0 10.2 2.7 5. 3 52.9 — 3.9 
336.0 10.1 2.7 6.0 74.9 — 
504.0 10.2 2.8 8.8 100. 2 — — 
720.0 9.5 2.5 6.7 53.5 — 
2160.0 9.1 2.7 6.7 47.4 — — 
2880.0 8.6 2.3 5.0 55.8 — — 
3600.0 8.9 2.4 6.4 48.0 — — 
4320.0 9.5 2.6 6.5 69.1 
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Table B.40. Raw data 5795 - Hi Ca - 1969 
Time 
hours 
Ca Mg Pi Glucose 
• Mg % 
Lactose Caiionic 
-120.0 9. 0 3.9 4. 8 63.1 5.5 -
-96.0 9.3 3.7 5. 8 59.2 10.0 -
-72.0 10. 2 3.3 6.2 62.6 13.5 -
-35.5 11.3 2.9 4.7 61.9 13. 3 -
-27.0 11. 1 2.5 - 63.1 11.9 -
-24.0 11.1 2.6 5. 9 - - -
-21.5 10.4 2.5 5.7 - - -
-18.5 11.8 2.5 3. 9 63.9 12.9 -
-12. 5 10.9 _ 2.3 6. 6 - - -
-9.5 10.8 2.5 5.2 62. 3 8.3 -
-6.5 10.3 2.4 6.3 - - -
-2.0 8.6 2.3 3.5 73.4 10. 2 -
-. 5 8.9 2.3 4. 5 - - -
1.0 7.8 2.5 3.9 157.0 16. 3 -
2.5 8.9 2.4 3.7 - • - -
6.0 8.5 2.4 5.0 78. 3 2. 6 -
8.5 9.2 2.5 4.8 - - -
11.5 9. 1 2.4 6.4 68.0 4.0 -
14. 5 8.8 2.4 4.1 - - -
17.5 6.3 2.7 4. 9 66.8 5. 3 -
35. 5 5.8 3.0 4.7 54.9 2.9 -
41 .0 8.6 3.3 3.8 65.2 2.7 -
48.0 9.3 2.8 5.4 50.0 2.9 -
72.0 9.2 2.3 5.5 48.4 1.8 -
96.0 10. 5 2.6 5.0 56.1 2.9 -
120.0 9.7 3.2 4.6 59.0 1.4 -
240.0 9.9 2.9 7.0 54.5 .9 -
264.0 10.6 3.0 4.3 68.6 - -
336.0 10.2 3.0 6.6 56.1 0.0 -
504.0 9.2 2.8 5.8 54.9 0.0 -
720.0 10.0 2.6 6.5 52.2 - -
1440.0 8.8 2.7 5.2 60.1 - -
2160.0 9.1 3.0 5.2 56.3 - -
2880.0 8.2 3.3 5.8 56.5 - -
3600.0 10.0 2.8 7.1 62.3 2.5 -
4320.0 10.4 2.8 4. 1 58.0 - -
5040.0 10.8 2.7 4.7 54.6 - -
5760.0 10.1 2.3 7. 1 60.7 2.0 -
7200.0 9.7 2.2 4. 8 66.4 - -
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Table B.42. (continued) 
Time Ca Kg Pi Glucose Lactose Ca:ionic 
192.0 8.9 2.7 5.2 40.6 - 4.2 
216.0 10.5 2.3 4.6 44.2 - 4.0 
240.0 13.3 2.2 4.1 47.8 - 4.6 
336.0 12.7 2.5 5.9 35.4 - 4.3 
504. 0 9.9 1.9 - 51.5 
720.0 9.2 - - - - -
1440.0 — — 4.8 50.2 — — 
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Table B^3. Raw data 5338 - Hi Ca - 1970 
Time 
hours 
Ca Hg Pi Glucose 
• Mg % ———— 
Lactose Ca:ioni 
-672.0 10.7 1.9 4. 3 66.7 0.0 -
-504.0 10.6 2.3 4.2 65.4 0.0 -
-336.0 11.6 2.1 4.9 51. 1 0.0 -
-216.0 11.1 1.9 4.5 63.3 0.0 3.5 
-120.0 1 0.9 2.5 5.3 63. 6 0.0 -
-96.0 9.6 2.4 4.0 59.8 0.0 -
-48.0 10.2 1.8 2.8 59.5 - -
-24.0 7.6 2.4 3.2 45.8 .4 -
2.0 6.9 2.7 2.5 61.0 4. 3 2.8 
16.0 4.9 3.0 1.6 68.6 4.6 2.3 
21 .5 4.9 3.1 3.3 69.7 8.9 2.5 
23.0 4. 6 3.0 1.1 59.8 6.3 2.3 
25.0 4.6 3.0 1.2 56.8 0.0 2.1 
28.5 4. 1 2.9 1.2 49.2 .8 2.2 
30.5 4.4 • 2.7 2.6 -r -, 2.4 
34.0 4.4 2.8 1.0 66.7 0.0 -
37.0 3.7 2.8 .8 89.8 0.0 2.2 
37.5 10.2 2.6 1.1 83.7 0.0 5.2 
40.0 7.2 2.7 1.5 59. 1 7.8 3.2 
43.0 6.3 2.9 3. 1 71.2 7.5 3.0 
46.5 7.0 2.9 4.9 67.8 6.3 3.1 
49.0 6.5 3.1 3.0 65.1 6.0 -
50.0 6.9 3.4 4.2 56.0 5.5 3.4 
72.0 9.7 2.2 5.5 54.2 2.3 3.8 
96 .0 10.5 1.3 7.0 51.5 6.4 3.7 
120.0 10.7 1.6 3.4 56.9 10.8 4.2 
144.0 10.6 1.8 6.8 53. 3 - 3.6 
192.0 10.6 2.0 4.3 51.1 2.0 4.4 
216.0 10.6 1.6 4.8 53.4 2.9 4.6 
336.0 9.5 2.3 5.7 42.0 3.1 -
504.0 10.2 2.1 5. 9 44.7 2.6 -
720.0 9.9 2.3 5.7 50.8 2.5 -
1440.0 8.9 2.4 4.8 51.5 1.6 -
2160,0 9.6 2.1 6.7 45.5 0.0 -
2880.0 9.6 2.3 4.8 55.3 0.0 -
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Table B.44. Raw data 5657 - Hi Ca - 1970 
Time Ca Kg Pi Glucose Lactose Ca:ion; 
hours • Mg % — 
-840.0 9.8 2.8 5. 5 68.7 - — 
-504.0 10.2 2.6 4.6 64.6 — — 
-336.0 10.5 3.0 5.2 56.0 8.9 4.4 
-240.0 10.4 2.2 5. 8 69.0 9.7 — 
-216.0 10.4 2.4 5.0 67.9 — — 
-192.0 10.3 2.4 4.6 69.5 — — 
-168.0 10.3 2.3 4.7 72.0 11.9 — 
-120.0 10.4 2.4 5. 5 67.0 12. 4 — 
-96.0 11.1 2.7 6.4 66.2 14.4 — 
-72.0 10.2 2.3 4.5 67.0 13. 8 — 
-42.5 — 2.3 4.8 70.2 12.8 — 
-39.5 10.9 2. 1 4. 4 51.3 16.2 — 
-36,5 9.9 2. 1 4.9 52.2 — — 
-33.5 10.5 2.3 5.6 - — — 
-32.0 10.6 2.3 2.8 59.9 17.4 — 
-30.5 10.5 2.2 3.3 51.5 12.4 — 
-27.5 10.5 2.5 3.8 59.7 -r 
-24.5 10.8 2.5 2.9 57.2 15.0 
-21,0 10.4 2.5 3.6 63.6 — — 
-18.5 8.9 2.6 3.9 66. 1 — — 
-15.5 9.7 2.6 3. 1 69.3 — — 
-12.5 9.6 2.5 3.1 71.0 19.1 — 
-11.0 9.6 2.5 3.3 46.9 — — 
-9.5 10.1 2.6 2.6 82.0 17.4 — 
-8.0 9.7 2.5 2.7 82.0 16.5 — 
-6.5 9.8 2.5 2. 5 79.0 18.2 4.6 
-3.0 9.2 2.8 2.5 75.2 - 4.0 
-1.5 9.9 2.8 1.6 73.5 — 4.0 
-.5 9.0 2.1 1.8 94.5 — 3.9 
1.0 8.4 2.8 1.4 111.5 — 3.9 
2. 5 8.3 3. 0 2.0 75.0 15. 1 3.3 
4.0 8.3 2.8 2. 5 65.0 15.0 3.7 
5.5 11.9 2.8 2.1 60.7 15.0 4.4 
7.0 10.7 2.5 3.9 62.0 - 4.4 
8.5 9.1 2.7 3.5 71.0 — 4.6 
10.0 9.2 2.7 4.0 66.5 19.8 3.8 
12.0 11.9 1.9 3.8 61.0 22.2 4.7 
13.0 8.7 2.6 5.1 61.0 19.4 4.4 
1S.5 8. 1 2.5 4.7 76.8 — 4.4 
17.0 7.8 2.5 3.6 69.3 17.2 4. 4 
22.0 - — 4.8 70.0 — — 
24.0 8.7 2.4 3.9 52.0 25.0 4. 3 
29.0 9.3 2.6 4.2 80.3 — 4.3 
34.0 9.0 2.5 3.8 - — 4.4 
43.5 8.7 2.9 4.0 53.0 13.5 4,4 
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Table B.%4. (continued) 
Time Ca Mg Pi Glucose Lactose Ca:ionic 
hours Mg % 
7 2 . 0  9 . 5  2 . 7  3 . 8  5 4 . 3  1 4 . 6  4 . 5  
9 6 . 0  9 . 7  2 .  1  5 . 0  6 3 .  1  1 2 . 7  4 . 8  
1 2 0 . 0  1 0 . 5  2 . 3  4 . 2  6 9 . 2  - — 
1 4 4 . 0  1 1 . 1  2 . 1  4 . 7  7 1 . 0  1 0 . 4  4 . 3  
1 6 8 . 0  1 1 . 3  1 . 9  6 . 7  7 7 . 4  8 . 9  4 . 3  
1 9 2 . 0  1 0 . 3 '  2 .  3  5 . 0  5 5 . 0  1 3 .  1  4 . 2  
2 1 6 . 0  1 0 . 4  2 . 3  4 . 7  5 6 . 0  2 5 . 0  3 . 9  
3 3 6 . 0  1 0 . 2  2 . 5  4 . 2  5 0 . 0  9 . 5  -
5 0 4 .  0  1 0 . 1  2 . 5  3 . 6  5 2 . 0  1 6 . 0  — 
1 4 4 0 . 0  1 0 . 6  2 . 4  5 . 5  6 2 . 0  1 0 . 6  — 
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Table BJi5. Paw data 5795 - Hi Ca - 1970 
Time 
hours 
Ca Mg Pi Glucose 
- Mg % 
Lactose Caiion: 
-672.0 9.5 2.6 8.2 62.0 0.0 -
-504.0 9.5 2.2 6.2 54. 3 0.0 — 
-336.0 9.9 2.4 5. 8 62.2 1.7 — 
-216.0 9.6 2.1 8. 6 41.1 — — 
-168.0 10.4 3.0 5.7 68.4 — 4.5 
-72.0 9.2 3.0 4. 1 66.3 4.9 4.4 
-36.5 8.0 3.8 4.5 65.4 - 3.9 
-14.5 7.8 3.5 3.6 69.2 - 3.9 
-13.0 - - 5. 1 65.3 - 4.0 
-11.0 8.2 3.3 5.9 48.4 6. 1 4.3 
-9.5 8.4 2.8 5.0 52. 3 7.3 4.4 
— 8.0 7.9 - 6.9 53.5 8.3 4.1 
-6.5 7.4 2.2 5.8 54.4 - 4.0 
-5.0 8. 3 2.7 5. 6 89.0 - 4.2 
-.5 8.1 2.3 5.2 69.8 — 4.2 
1.0 8. 8 - 5. 4 94.5 9.1 4.2 
2.5 8.5 2.1 5. 8 107. 6 - 3.9 
4. 0 8.2 - 5.1 100. 0 7.2 4.0 
5.5 8.2 2.0 5.0 125.8 7.5 4. 1 
7.0 8. 0 - 5.4 91.5 - 4. 1 
8.5 8.2 2.4 5.4 83.6 - 4.0 
10.0 8.4 - 5. 9 91.1 - 4.3 
11.5 8.4 2.5 4.2 86.8 - 4.4 
13.0 9. 1 2.6 7.9 69.2 6.7 4.2 
14.5 7.9 2.5 6.7 84.0 - 4. 1 
16.0 7.8 2.5 5.6 67.8 11.2 4. 1 
17.5 7.7 2.7 5. 4 60.9 14.8 4. 1 
18.5 7.7 2.6 5.9 65.7 11.5 4.0 
23.0 7.3 2.2 8. 1 42. 6 8.7 4. 0 
24. 5 7.5 2.7 4.9 58.0 13.8 4.2 
27.5 7.4 3.1 5. 9 58. 0 — 4.0 
32. 0 7. 1 1.9 6.5 53.1 11.9 3.8 
33.5 5.8 2.5 7.9 44.3 2.0 3.8 
36.5 7.7 2.7 8. 3 47.3 7.5 4.5 
48.0 7.2 3.6 5.0 62. 6 — 4. 1 
72.0 7.3 3.2 3. 3 66.7 7.0 3.6 
96.0 9.4 2.2 4.5 65.5 6.9 3.6 
120.0 8. 4 2.0 4.3 60.2 3.7 3.6 
144.0 9.7 2.1 4.5 47.7 3.0 3.8 
168.0 9. 8 2.0 5.0 57.5 3.5 4.0 
192 .0 8.5 2.1 6. 1 56.5 5.7 3.4 
336.0 9.9 2.1 7.6 53.8 3.8 — 
504.0 9.1 2.3 10. 1 42. 2 — • 
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0 
0 
0 
5 
Tables.4^ 
Time 
hours 
-TôôsTo 
-504.0 
- 1 2 0 . 0  
-96.0 
-72.0 
-47.5 
-46.5 
-45.0 
-43.5 
-42.0 
-40.5 
-39.0 
-37, 
-36. 
-33, 
- 2 1 .  
-19.5 
- 1 8 . 0  
-16.5 
-15.0 
-13.5 
- 1 2 . 0  
-10.5 
-9.0 
-7.5 
—  6 . 0  
-4.5 
-1.5 
-.5 
1.5 
3.0 
4.5 
6.5 
7.5 
9.0 
1 2 . 0  
13.5 
15.0 
16.5 
18.0  
24.0 
27.5 
30.5 
33.0 
37. 0 
Paw data 5986 - Hi Ca - 1970 
Ca Mg Pi Glucose Lactose Ca:ionic 
8 76 274 672 5877 - -
10.5 2.0 6.7 40.1 
11.0 1.8 4.7 80.0 - 5.0 
10.8 2.2 4.5 45.0 - 4.5 
10.7 2.0 4.5 42.0 - 4.7 
10.6 1.7 3.6 83.2 - 5,1 
10.5 1.7 3. 1 75. 8 - 4.7 
1 1 .0 1-8 3. 0 39.0 - 4.7 
10.0 1.6 6.5 36.0 - 4.6 
10.0 1.6 4.6 92.3 - 4.8 
9.9 1.6 4.5 94.2 - 4.8 
9.9 1.6 4.3 36.0 - 5.2 
9.8 1.8 5.3 32.0 - 5.0 
8.0 1.8 4.8 30.0 - 4.7 
7 . 8  2 . 0  6 . 4  5 3 . 8  -  4 . 7  
9.7 2.6 4.0 57.9 - 4.7 
— 4.3 — 4.6 
9.3 2. 6 4.7 57.9 - 4.7 
3.7 73.0 - 4.7 
8. 5 2.5 5.2 67.8 - 4.7 
8.4 2. 4 5.7 62. 1 - 4.6 
8.3 2.3 5. 0 72.4 - 4.5 
9.1 2.5 5.0 - - 4.6 
8.7 2.4 3.8 62.5 - 4.7 
8.7 2.4 4.1 55.4 - 4.7 
8.8 2.4 3.4 53.1 - 4.8 
9.0 2.3 4.9 58.2 - 4.8 
8.8 2. 1 4.4 76. 1 - 5.0 
8.2 2.1 3.8 68.8 - 4.4 
8.3 2.3 3.8 91.6 - 4.4 
7.4 2.2 4.3 88.8 - 4.3 
7.7 2.4 4.0 73.8 - 4.4 
7.4 2.3 3.8 - - 4.4 
8.0 2.5 4. 1 75.4 - 4.7 
7.7 2.4 4.6 68.6 - 4.7 
7.7 2.4 4.0 63.5 - 4.7 
7.1 2.3 5.0 66.0 - 4.9 
7. 0 2.2 3. 3 69.5 - 5.0 
8.5 2.7 4.4 69.6 - 4.9 
8.4 2.7 4.3 80.7 - 5.0 
53.1 
8. 3 2.9 4.5 60.0 - 4.6 
75.5 
7.7 3.1 4.4 48.1 - 4.6 
7.4 3.1 4.3 50.4 - 4.7 
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Table B.%6. (continued) 
Time Ca Kg Pi Glucose Lactose Ca:ionic 
3 9 . 0  7 . 7  3 . 2  4 . 2  4 1 . 2  - 5 . 0  
4 8 . 0  7 . 8  3 . 1  4 . 7  - - 4 . 9  
7 2 . 0  7 . 6  2 . 8  4 . 7  4 0 . 0  - 4 . 8  
1 2 0 . 0  8 . 7  2 .  1  4 . 9  4 4 . 8  - 4 . 6  
1 4 4 . 0  8 . 6  2 . 2  6 . 5  6 1 . 9  - 4 . 6  
1 6 8 . 0  9 . 4  2 . 4  4 . 9  6 4 . 2  - -
2 1 6 . 0  7 . 1  2 .  1  5 .  1  6 3 . 1  - -
2 4 0 . 0  9 . 7  2 . 4  6 . 2  4 2 . 0  - -
5 0 4 . 0  9 . 4  2 . 6  6 . 7  2 0 . 6  - -
